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PREFACE 

The. aim ot tills little book is designed to meet 
the increasing demand for practical information 
on the subject with which it deals, The author 
hopes he has succeeded in recording his views in 
% manner which will bo of real help to the cver- 
wideging circle of chemists and engineers who are 
concerned with High Pressure work. 

The scope of the book is fully dealt with in 
Chapter*! and, therefore, there is no need to 
enlarge* upon the Iwbject here;* bu£ the author 
would like to avail himself of'this opportunity to 
tender his most grateful thogks to all those who 
have helped him in various ways, and to whom 
individual acknowledgment in recordwl throughout 
the book. 

H. G. 

May, 1925. 
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Regarded in a general way, an autocide is: a 
piece of apparatus designed in order to renderiL^. 
possible to hetft liquids above their boiling point, 
c* to carry out some chemical reaction in which 
it is essential that the reacting bodies be under a 
pressure greater than normal atmospheric pressure. 
The earliest and simplest forms of autoclave wero 
based on the principle of Papin's digester, \>ut at 
the present time there is in existence a great 
variety of types in order to meet the varied require- 
ments of modern chemical processes. Not only 
are autoclaves made from a number of different 
materials, but the si/.e.^ genertil design and arrange- 
ments for heating are so \tiried that one might well 
forgive a chemist, used only to the most common 
forms, for failing to recognise some of the rarer 
types of modern apparatus as being autoclaves 

at all. 9 

In onier to render this work of the greatest 
possible help it is thought ljest to outline at this 
stage the scope of the book and the system on 
which it is written. In the first- place it is intended 
to be of an essentially practical nature, being 
designed not only to describe the most important 
types pi apparatus or plant used on high pressure 
work, but to give to any chemist corning fresh to 
this branch of technical science just that practical 
information which is, alas ! generally only learned 
in 0*6 school of bitter experience. 

It w, therefore, because of this outlook that 

13 
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very little knowledge ojF ■' 
assumed, (or, after all, the wcfrd “ obvii^ ^, S*f 
really very relative. For example : to a man 
skilled in the firing of pans it is u obvious ” that, 
% batch may be maintained at a desired tempera- 
ture, to within one degree*, for hours by the careffll 
adjustment of the fire-l>ox door, but the rfuthot 
has seen many a batch ruined through lack of this 
dejneutary piece of technical knowledge. . ; 

It is pressed to deal first in a general way with 
the most common construction of autoclaves, to 
indicate essential features and to lay down the 
principles of high pressure work. 

Next some space will be devoted to ap[>aratus 
especially designed for laboratory working both 
as regards construction* and use, lx* fore dealing 
with what is perhaps the most important branch 
of all — plant used for manufacture whether on a 
large gr small scale. There is, of course, such V 
variety of designs of pressure pans, that it Would 
be quite outside the scope of this book to deal fully 
with every kind, but two particular types of auto-*- 
claves have been selected as covering the most 
important ranges of high pressure work. These are 

( 1 ) The. high pressure agitator autoclave, and 

(2) The low pressure agitator autoclave of 

* large size. ’ • 

.Separate chapters will be given to each of these 
pans, in which the plant will be described 
any points of special interest in their working will:: 
^Jbe emphasised. 
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-The section will be devoted to the diffi- 
culties met witli in the working of autoclaves 
.while carrying out a variety of chemical reactions* 
and how bes^ these difficulties can bo obviated or 
at any rate lessened. 

In conclusion, a chapter will Ik? given to the 
economical working of numln*rs of autoclaves so 
as to utilise to l>est advantage the capital sunk in 
such plant, and to those precautions which must 
he taken when one is in charge of 4»igh pressure 
pans, not only to ensuro a minimum of wear-and- 
tear losses, but, what is far more imj>orlanfc, to 
safeguard in as far as human thought can, the 
lives and health of the men engagisl in working ■ 
the plant. 

Observations on Autoclaves in General 

. Autoclaves can l>c made of cost iron, steel, 
copper, bronze or tin, but some kind of st#el is by 
far the most common material used in their manu- 
facture on account of its great strength. Modern 
practice supports the use of nickel steel or nickel 
chrome steel for those autoclaves designed to with- 
stand very high pressures. 

. ^Autoclaves are made over a very large range 
of stags, from small laboratory pieces of apparatus 
pf S lew hundred cubic centimetres* capacity to 
huge pans capable of holding a charge of two 
thousand gallons. Certain sizes, however, have 
ks kmmt by practice to be most convenient, awl 
iM following table is intended to show the most 
genertd limits pi, different types of autoclaves Ss;; 
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regarde capacity, temperature o! heating, and 
pressure. These figures must noi be regarded as 
rigid limits, but rather as an indication of the 
extremes fixed by general experience. Special 
cases always require special treatment, and these 
tables would not be of much help had they been 
made to include all possible examples. 


Table I 


Showing the T Jeneral Limits of % \ 
alocluves 

Typo of Autoclave. f Capacity. 

Laboratory non-agitator fitX) to 

type. • 1000 c.c. 

Laboratory non-agitator «300 to 

tyjH*, tubular sHUpe. 500 c.c. 

laboratory agitator 1000 to 

2000 c.c. 

Semi-luigu .scale auto- 

clave, agitator type (n) 5 gallons 
(6) 20 gallons 

Ijurgo-w alo autoclave. 200 to 400 

non-agitator type. gallons 

Large scale autoclave, 700 

low pressure agitator gallons 

typo. 


r ar icms Types of 


Temp. 
Limit. 
5(MP C. 

Pressure 

Limit. 

500 

atmos. 

1500° 0. 

1000 

atmos. 

300° 0. 

300 

atmos. 

. \ 

300" C. 
300° C. 

200 atm. 

50 atm. 

300° C. 

100 

atmos. , «• 

200 " C. 

10 

atmos.. 


Large-scale autoclave, 
high pressure agitator 
typo. 

Special ty|x> horizontal 
semi -large sc Ale agita- 
v;. tor type steam-jacket 
heating. 


400 

300° C. 

40 ; . i 

gallons 


at mo*. 

• . 

500 

100° C. 

40 

gallons 


atmoa. 


The capacity figures refer to the actual capacity of the 
apjwu^tiu, not to the capacity of the charge.- / i 
The pressure figures refer to the actual working prwure. 
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AutoclaVes'are * generally cylindrical in shape, 
the height being* from two to three times the 
diameter. The bottom is hemispherical in the 
laboratory typfs, but rather more like a shallow 
dish in the larger kinds of pans. In order to give 
strength, all sharp curves or angles arc excluded 
from *the design. Wherever possible the laxly of 
the autoclave is east in one piece, although in the 
manufacture of works autoclaves it is impossible 
to avoid joints. This will be dealt# with more 
fully when these pans are lx'ing considered in 
detail, but it is enough to note here that, although 
there seems to be no theoretical objection to 
welding, most chemists who have worked auto- 
claves prefer riveted ones. !hie. top of the auto- 
clave, known as the cover, is fixed on to a flange, 
cast for that purpose in the body of the pan, by 
paeahs of nuts and Ixdta. The joint between the 
cover and the body of the autoclave isamnde 
against a ring, sunk in a groove in the Hanged top 
of the body, the joint being cither half or full 
register. 

Many different materials art* used for packing 
this joint, which is often a source of leakage. H 
is therefore of the greatest importance to have it 
made as gas-tight as possible. The commonest 
packings are lead, copper, aluminium and asbestos, 
j^ot ohly docs the choice of material used depend 
onthe type of autoclave, but also largely on the 
fimme it has to withstand and the nature of the 
chemical operation to be carried out inside it. 

Jd: the covers of alt autoclave* w certain hofes, 
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generally tapped with screw tlja^iMfe^or partioular 
fittings. The number of these fittings varies with 
the type of autoclave, but there are, however^ 
certain essentially necessary fittings common to 
all autoclaves — such as the manometer, to register 
pressure, and the thermometer- tube. The latter 
usually contains oil in which the thermometer 
stands, in order to give a more accurate and rapid 
temperature reading of tin? contents of the* auto- 
clave. 

It was at one time tlie custom to provide two 
snanomc^tors ami two thermometers, especially in 
large autoclaves, the idea being to give some indica- 
tion of local action if any took place, and as a proof 
of the efficiency or otherwise of the agitator. As, 
however, every joint is a possible source of weak* 
ness, modern practice is rather in favour of one 
manometer and one thermometer- tube. 

*t was common at one time to fix one or 
more safety-valves of the ordinary steam ’boiler 
typo to an autoclave, but these were cons&intly 
getting choked with material, either distilled or 
splashed into the valve, which rendered them 
useless. Devices specially designed for autoclaves 
are now taking the place of the ordinary safety 
valves. The most common source of leakage in 
an agitator autoclave is the stuffing-box* the correct 
packing of which is a most important point; |3ie 
construction of the stuffing-box has a considerable 
influence on its efficiency. It is generally kept oool 
by a water-jacket, although this is not essential 
lor low pressures— say up to 30 atmosphec^i 
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vary ntecea&wy^ the stuffing-box be of ample 
size; imd still more necessary that it be cosily 
accessible for repacking. Often a slight leak 
develops when. the full pressure is reached , which 
can be overcome by tightening up the nuts that 
control the packing of the stuffing-box. 

It should be observed that these are the only 
nuts and bolts which it is really safe to tighten 
under* pressure, for, although familiarity breeds 
contempt and workmen often do tighten up the 
bolts of the cover or* manhole lid, it is a dangerous 
practice, as the sudden stripping of a screw thread 
might lead to disastrous results to the operator. 
Before concluding these general remarks, some 
space must lie given to JJie ({Mention of linings. 
Theoretically, the charge should wever come in 
contact with the inside of the walls of an auto- 
clave, hut, in practice, this excellent advice is 
'seldom taken. Indeed, where there is no*possi- 
bility of chemical action lictwcen the charge and 
the faatorial of which the autoclave is mode, it is 
doubtful if the use of a liner is really a necessity. 
Still, in many cases repeated use causes corrosion, 
vrblch undoubtedly shortens the life of the auto- 
cfeve. The liner is a thin-walled vessel made to 
fit the inside of the autoclave and intended to lipid 
the charge. 

liners may be made of lead, sheet tin, copper, 
itm (plain or enamelled) or sometimes zinc. The 
im position of the liner is a somewhat difficult 
^|K^mf,k?u\and one which it is essential to carry oiii 
for if there be any air gaps between the 
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liner and the autoclave walla the transference of 
heat will be imperfect. This will lead to the walls 
of the autoclave becoming too hot in places and may 
even result in the splitting of the rjvctod seams in 
large-scale pans. In order to overcome this, 
some conducting material is used between the 
liner and the autoclave walls, just as oil is used 
in the thermometer-tube. Paraffin wax has been 
used with some success, but lias become almost 
entirely siijwrseded by solder. The autoclave is 
heated slightly above the inciting point of the 
•older and the liner placed in position. Solder is 
melted and poured* round the liner, which has 
previously been filled with boiling water. When 
a satisfactory [lacking of solder has been obtained, 
the water in the liner is cooled by means of a coil. 
The question of the heating of autoclaves will be 
considered more fully in subsequent chapters, but^ 
it is iistcrcsting to note here that where liners are 
used, the oil-bath for heating the autoclave becomes 
almost a necessity, otherwise the local superheating 
of the autoclave walls causes the solder to melt and" 
the liner to rise and jam against the inside of the 
cover. 

With regard to manometers, the one which finds 
almost universal use is the steel-tube type. Some 
are made with bronze tit lies, but these possess no 
advantages and are inadmissible in operation* in 
which ammonia is evolved. In certain reactums 
substances arc sublimed or steam -distilled into the 
manometer and cause a choke in the steel tube 
itself or in the nine leading to the manometer, .$hi* 
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pipe is made # wido and often looped to form a trap 
for such material* but in bad cases there is no cure, 
and the chemist has to be content with the tempera- 
ture control. This naturally introduces an element 
of danger, since one is working in the dark as to the 
internal pressure, and if there is any possibility 
of reactions setting in which would cause abnormal 
pressure some safeguard must bo taken. The. use 
of a safety valve of the ordinary type would be of 
little value, as this would probably choke exactly 
as does the manometer. The only possible working 
arfangement would be the fitting of a wide exhaust 
pipe closed by a cap which vftjuld blow ofT at the 
safety limit. The operating of the device would 
probably mean some loss of material, but it would, 
at any rate, give some fueling of security. Con- 
tingencies of this description are fortunately rare. 
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CHAPTER II 

LABp^ATdkV AUTOCLAVES — CONSTRUCTION 

Tins laboratory autoclave, as the name implies, 
is a piece of apparatus designed for the carrying out 
of reactions under pressure on a small scale. 
Although, of course, there is very little difference 
in size between the largest laboratory autoclaves 
and the smallest semi-large-scale plant, for con- 
venience pf classification it is best to regard the 
laboratory autoclave as designed for experimental 
work rather than manufacture on even a very small 
scale. 

Manufacturers of laboratory uutoclavi\s put on 
the market a very large range of apparatus in 
order to meet all requirements, but, as it would 
be impossible in a work of this sizc^to describe in 
detail every kind, there are certain ones which may 
be taken as characteristic types. These find very 
general use in all classes of chemical work^ and 
serve * to show the fundamental principles of 
laboratory autoclave construction. 

The ^following pieces of apparatus will therefore 
i)b considered as illustrating very representative 
examples : 

* (i) Small non-agitator autoclaves. 

\ 2 ) Small agitator autoclaves. 

(8) Large agitator autoclaves. r 

(4) Medium sized non-agitator autoclaves 

specially designed for uniform oil -bath heating. 

^^ Autoolaves for very high pressures and 

' Autoclaves designed for special purposes. 

A-v 2? /.' • • •• •- >■ 
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Type, No. 1.— The small non-agitator autoclave 
Is probably the most common type of all 
one which finds most general use. It isacylindri- 
cal steel vessel, cast in one piece apd fitted with a 
cover, which is screwed down on to the flange of 
the body by means of nuts and holts. Fig. *1 
shows the general construction. It will be observed 
that the bottom is hemispherical in order to 
increase the strength. The diagram is a seotioqal 
one, in whi<«h the part (a) represents a raised ring 
of stocl on the underside of \ho cover. This fits 
•into the sunk groove ( b ) in the top of the autoclave, 
at tho bottom of which sunk groove is a ring of 
lead or copper. Hence the result of the pressure 
exerted when the large nuts (c) are screwed down 
will be to press tho ring (a) into tho comparatively 
soft metal of tho washer, lie it copper or lead. 
By this means a perfect joint is made capable of 
withstanding any pressures up to the limits for the 
particular autoclave. The thermometer pipe (d) 
is screwed through the cover of the autoclave by * 
means of a spanner working on the top of 
whioh is made in the form of a hexagonal ntit (e). . 
This is done by tho manufacturers and, except t 
rare cases, need never bo interfered wiffe, 
pipe (/), also screwed through the cover, r 

outlet to the pressure gauge or mano&i^ti^^ 
It is sometimes simply a straight sted..p^r:^^ 
Internal diamoter $ inch to J inch, or it 
looped in a complete circle, the latter fde#;&^| 
supposed to render choking less likely. * 

This type of autoclave is made in a 
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sizes, but the most common is about "600 c.e.^ 
which allows a charge of half a litre comfortably 
They are suitable for pressures up to 500* a,ixp& 
spheres and temperatures of 50Q° C., but those 
limits arc well outside the ordinary range of organic 
chemical work. It must be remembered, too, 
that special manometers suitable for these high 
pressures must be employed if such conditions are 
to be carried out. 

(Generally speaking, the ordinary limits of 
chemical reactions carried out in these autoclaves 
’ would be up to 300° C. and (W) atmospheres, and * 
gauge ca^Miblc of Standing 100 atmospheres witn 
perfect safety would accordingly be employed.. 
Most gauges have a red line marking the safety 
limit, and m the manufacturers allow a very 
liberal margin of safety, there is no risk if pressures 
are kept within these limits. 

The number of cylindrical nuts (c) employed in 
an autoclave of the size described is generally six 
or eight. < / 

This type of autoclave can be heated, either by 
direct flame, by a heated oil- or solder- bath, or 
electrically, although the latter method is hot*' 
usual. When direct flame is employed, it is, 
important to use a proper form of iron ^ripod pr 
metal case, the autoclave resting on a ring which 
supports the edge of the flange (g). The bottom 
of the autoclave must be well above thegaaringor 
whatever type of burner is used, so that it is. really 
heated in an air-bath, which somewhat 
the chances of burning at the bottom and 
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F*o. 2,-r-Arrangament of feared Agitator on Cover 
of *Sma]J Agitator Laboratory Autoclave. 
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If m oil -hath is used it should be a proper 1 ^ ^ 
constructed cylindrieally shrt]>ed one, in which the 
autoclave is supported on its flanged edge, and with 
some arrangement whereby it can ho lifted out of the 
oil and allowed to drain over the hath. 

For oil- hath work, however, the most satis- 
factory design is that to he described later under 
type No, 4. 

Tiff#’ A to. 2.-— This class may he sail to embrace 
laboratory agitator autoclaves up to 1 litre capacity, 
the most general sizes beiifg <»00 e.o. and 1 litre. 
The general construction of the Isidy is exactly 
similar to the small non -agitator type, and a 
satisfactory joint* is made between the cover and 
the hodydlange by means of the raised circular 
ridge working in a groove against a lead or copper 
washer, exactly as described previously. 

Fig. 2 shows the arrangement of the. top of the 
cover. 

'Die general su{>erstriieture to bear the* agitator 
shaft is shown by (r/), which is so placed that the 
shaft (/>) passes through tiie centre of the cover. 
The shaft terminates at the bottom in the agitator 
blade, which is often of the anchor typo, although 
many other designs are in use for special require- 
ments. The shaft passes through the top of the 
cover into a heavy piece of metal (cj, which is 
either cast as part of the cover, or screws into it. 
This piece of metal is to receive the stuffing -box(d), 
which is packed w ith asl>esto6, copper, lead or some 
such suitable material. A liberal sire of stuffing, 
box should be allowed, and it should bo posable 
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* i tighten up, after heating has commenced by 
screwing it further down. After passing through 
the stuffing-box, the shaft is keyed oil to the cog- 
wheel, which is operated by the worm-drive (c). 
This driving shaft is lubricated by vaseline cups (/) 
atseither end, and power is applied by means of a 
pulley (g) driven by round leather belting from 
shafting or a small electric motor. The arrange- 
ment of the thermometer tube (/<) and manometer 
(*) m/Uires no explanation. # 

In many of the lifst -class hum Ids all rotatory 
parts are Hthrd with ball bearings, while two other , 
points of great structural impeirtanoe are. (i), the 
agitator should almost scrape the sides and lxdtom 
of the autoclave, and (ii) thf* thermometer- lube 
should be as long as possibl 

These autoclaves can be heated by direct flame, 
in which ease a properly constructed sheet-steel 
surround with furnaee-door is necessary, thereat 
being supplied by a large gas-ring or Fletcher 
blimey A more uniform heating is, however, 
obtained if an oil-bath is used. To reduce the 
possibility of local over heating to a minimum, 
some models have an arrangement whereby the 
oil itself is agitated by means of a plunger driven 
by a separate pulley of! the same shafting which 
operates Ihe stirrer. 

Type No. 3. — The large size agitator autoclave 
designed for laboratory work can be obtained in a 
great variety of sizes, but the most useful is that 
which will comfortably take a charge of 2 litres. 
This size not only enables a chemist to make a 



34 Autoclave* and High Pressure WorU 

reasonable quantity of material for subsequent 
research work, but enables him also to try out a 
recipe on such a scale as to give him some idea 
as to how the process will go on the large scale. 

The general construction of tlfis typo of auto- 
clave is so similar to the smaller one descrilied under 
Type No 2 that a detailed description is unnecessary, 
Fig. 3 being self-explanatory. It will l>e seen that 
then* is no fundamental difference from the smaller 
models in so far ns the arrangements* for* agita- 
tion are concerned. These* larger autoclaves are 
generally litted with some form of valve for releas- 
ing the pressure, 'the arrangement shown in the 
diagram being usual and, on the whole, efficient . / 

It will he seen tlmt a common pipe serves as the 
outlet to this valve <md to the pressure gauge. 
Thu advantage of having this valve fixed is two- 
fold. Not only does it form a means of releasing 
pressure should anything abnormal occur, but it 
can be used in certain classes of experiment for 
blowing off steam at the end of the reaction, 
thereby accelerating tin* rale of cooling. Although 
one might expect these valve* to block up, in 
practice they keep wonderfully clear, nor are they 
a source of leakage if reasonable attention is given 
to them. 

The diagram shows an autoclave standing in a 
furnace for “ direct-fire heating, generally by 
means of gas rings. They can, however, be heated 
by electricity or in an oil-bath. 

The modern practice of good firms is to supply 
the gas furnaces lined with fire-bricks, with a brick 
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baffle under the flue fitted to the back of the 
furnace. The gas burner is shell that flo direct 
flames impinge on the bottom or sides of the 
autoclave. This type of autoclave is really an 
almost perfect model of a works high-pressure 
agitator pan, and is capable of standing tempera- 
tures up to 3otr‘ C., and pressures of 200 to 300 
atmospheres. 

Tt/pc No. 4. — Kor certain reactions, .it may be 
necessary to keep tin* whole of the autoclave and 
cover at a uniform tempcnfture, and under these 
conditions the reaction will proceed quite satis- 
factorily without agitation. 

It is for such <^ases that the special oil-bath 
autoclave about to be described is designed. The 
capacity of < A he autoclaves varies from 500 c.c. to 
2 or 3 litres, but tin* 1 litre size is the most useful. 
In general construction it is similar to the standard 
noi.uigitator autoclaves, except that it is not 
usually built quite so substantially, being designed 
more for the limit of 200 atmospheres pressure and 
temperatures up to 300' i\ The method of fitting 
the cover and the arrangement of manometer and 
thermometer-tube present no modification. The 
chief ]>oint of interest to observe is, that the auto- 
clave rests on a number of lugs (a) cast or riveted 
to the shies of the oil-bath. This fatter is of such 
a size that the autoclave can be completely 
immersed in oil or other heating medium to a 
depth of 1 inch above the cover. The plates (b) 
are of steel and are arranged to swivel in order 
that the autoclave flange can be made to rest on 



Fic. 4« — Xon-Afrifator Laboratory Autoclave for 
Complete Oil 1m mention. 
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them when it is desirecl to stop tke experiment, 
and withdraw from the bath. This is particularly 
convenient, as it not only enables most of the 
surplus oil to drain back into the bath, but also 
forms a useful method of support when undoing the 
large round nuts preparatory to removing the 
cover. The heating of the oil-bath is best per- 
formed by means of a large ring burner. 

Type Xo. o. It has been shown that .the limits 
of pressure^ and temperature possible with the 
types of apparatus previously described are very 
, high, in fact higher than is usually required in 
research work on synthetic dyestuffs, or general 
organic chemistry. It is sometimes necessary, 
however, to carry out reactions under pressures 
higher even tlgm oOO atmospheres and temperatures 
above 5(H)’ (\ 

For these eases, special apparatus must be 
employed which may he regarded as autoclaves, 
although they are really more in the nathro of 
electric furnaces, especially where very 4 high 
temperatures are required. No general principles 
can bo laid down for this type of vessel. It must 
vary greatly according to the kind of work for 
which it is designed. 

Olio example is a steel vessel of about # 3 litres 
capacity, fitted with adjustable electrodes at the 
top and bottom. The heating medium is a 
graphite roil or tul>e with nickel wa ter* jacketed 
holders. The whole steel vessel is itself immersed 
iu a water-jacket of east iron or steel. A valve 
passes through this water-jacket from the inner 
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steel vessel t<j the air. Sometimes this valve is 
fitted with a quartz window so that it is possible 
to view the interior of the steel vessel when working 
at high pressures and temperatures. 

It is |H»wihIe"to obtain internal temperatures of 
1900''' ('. with this tyjie of auloelu\e and pressures 
lip to 1000 atmospheres, although it is not safe to go 
above 500 atmospheres if the quartz w indow is fitted. 

}{ very high pressures but temjMTaturrs not. above 
500" t>. are required, it is possible to use apparatus 
of more orthodox design in whieh tin* heating 
medium is a gas furtmee. The points of interest 
to note in considering this tv^>c <.f apparatus are 

(1) that only a very good quality high-speed tool 
steel is used in the mnmifnctouv of the autoclave, 

(2) the walls of the nntoel;tvc an* very thick, (3) 
the height of the autoclave i> ver\*mueh greater 
in proportion to its diameter than with ordinary 
model*?. This means that for any given rapacity 
the diameter of the ring used to make a joint bet ween 
the £over and the body is much less, thereby 
reducing the jHjKaibility of leakage. I n other words, 
the apparatus approaehes more to tin* dimensions 
of a steel tube. Again, all the bolts which screw' 
the cover to the laxly are of heavier design, ami a 
copper or even a .soft steel ring is used to make the 
joint. ! 

These autoclaves are non-agitator ami can !k» 
made capable of withstanding pressures up to 
1000 atmospheres. 

The height of the body is from six to ten times 
the internal diameter. 
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Type No. 0. — In addition to those autoclaves 
tqjcciully designed for very high temperatures and 
pressures, there are numerous models which are 
normal in so far as their pressure and temperature 
limits are concerned, hut which depot from the 
standard types in other respects. For example, 



Km. 5."- Anchor lK'*igit 
Agitator. 


Fns. S. VrejH'lliT for Stirring 
Thin Mixtures. 


there is the question of agitation. By far the most 
common type of agitator useo in lal>oratory auto- 
claves is the anchor design, which gives efficient 
stirring for all ordinary purposes. A great advan- 
tage of this typo of agitator is that it can be made 
to sweep wit It in inch, or less, of the sides, thus 
preventing the accumulation of solid crusts and 
consequent burning of the same. Again, the 
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thermometer pipe can Ik* made to slope within the 
space between the shaft and wings of the anchor, 
thus getting very near to the bottom of the pan 
(Fig. 5). The disadvantage of the anchor type of 
agitator is that, with thick pastes, tin* inside 
jfortions are only imperfectly stirred. For really 



Fro. 7. AtfitiiOir f«»r ivcjmrinjj; 

lit t U* Stirring. 


efficient stirring of thin mixtures, say an oil and an 
aqueous layer, there is nothing better than a good 
propeller (Fig. b). This causes up and down 
agitation as well as the usual circular whirlpool 
kind, but it is not very efficient with thick pastes. 
Fig. 7 shows an agitator arrangement for a reaction 
in which very little stirring is necessary, but where 
• 2 * 
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it may be required to blow off samples of the batch 
from time to time during the course of the experi- 
ment. A further advantage of this type of agitator 
is that very small batches can be made, as the 
thermometer pipe comes almost to the bottom of 
the vessels. * 



tie. S, < )nt<* Agitator for Stiff I’unttH. 

For the agitation of stiff pastes a further “ gate ” 
is sometimes fitted to the anchor tyj>e (Fig. 8), or 
a double agitator autoclave is used. Th$ latter 
is an excellent device for high-speed agitation of 
any sort, and is perhaps the best of all systems 
where very vigorous agitation is essential ami the 
pressures are low. As will be seen in Fig. 9, both 
agitators are driven off the same pulley in opposite 
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directions, tho*top bevel cog (.r) operating one, ami 
the bottom (//) th<? other. 

Another type of autoclave worthy of mention is 
that with whieji it is jmssible to introduce, or to 



Flo. Double Agitator Txjh* of Stirring. 

Tin? giant lx ~ should In* junked so t « » stop leakage 

not only between t ho outir shafl and the outside, 
but also •bet ween the two shafts thomselvos, othorwiiM* 
the contents of the autoclave will Iwt driven up and leak 
into tile gland. This type of pan is only suit able for 
low pressure. 

extract, a gas while working at high pressures. 
Ho autoclaves arc generally of about 500 c.c. 
capacity, of special steel ami capable of with- 
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standing pressures of TjOO atntospheres and 
temperatures up to 500° 0 . 

They aits supplied with manometer, thermometer- 
tuhe and two valves, connected to, inlet and outlet 
pipes respectively. The inlet pipe ]>asses down to 
the bottom of the autoclave and the outlet to the 
top. 

There are, of course, many other types of auto- 
clave, and makers of scientific apparatus hre 
generally c^iite willing to discuss the requirements 
of their clients and to design for special needs. 
•For example, the gut hoi* would mention in this 
connection the firm of (’has. \V. Cook and Son, of 
Ashby-de la-Zoueh, ^vhose autoclaves lie has used 
with complete satisfaction for many years. Some 
of the types described in this chapter are illustrative 
of their standard models. 
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LABORATORY A TTTOCLA V KS — 1 T S|3 

Whilst then? are a great variety of chemical 
reactions which are best carried out in autoclaves, 
or for which autoclaves arc. if not essential, at any 
r&te desirable, three may be taken as illustrative 
of high pressure work. It should, however, be 
explained that the term *’ high pressure “ means 
pressure above the normal atmospherie pressure, 
and not necessarily great pressure as measured in 
lbs, per square inch. • 

The three chemical reactions to be considered 
are : 


(1) The substitution of a hydroxy-group for 
a sulphonic acid group. 

(2) The substitution of an anyno group for a 
hydroxy-group or a halogen group. 

(3) The introduction of one or more alkyl 
groups into an amino-group. 

. The particular types of apparatus most suitable 
for these reactions differ very greatly one from the 
other, and it is because of this that these examples 
have been selected. 

(I) The lirst is the well-known caustic fusion or 
41 melt M process, which is of such great importance 
in the manufacture of intermediates for azo- 
dyestuffs. Generally speaking, the process consists 
in melting a certain calculated quantity of caustic 
soda or potash, either in the autoclave itself, or 
In some other suitable vessel for transference to the 
autoclave. The melted alkali is then raised to a 

■ a n 
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certain temperature, which naturally varies with 
the particular process, ami the stilphonic acid, say 
of the naphthalene series, or its sodium salt is 
charged in. This substance may he in the form of 
a dried powder or a stitT paste; in any ease, it 
probably contains a large proportion of inorganic 
salts such as sodium chloride or sulphate. When 
all has been added, the resultant mixture is a stiff 
paste,* and will probably Ik* a still paste; even at 
the tempen^ture of the reaction; moreover, the 
inorganic salts will be out *of solution. These 
points should be considered in the choice of the 
autoclave, for to eaVry out such a reaction in a 
nonuigitator autoclave heated by direct liarae 
would certainly can At local burning and uneven 
mixing of the charge, Possibly some parts would 
be melted to dihydroxy-derivatives, if the starting 
material contained more than one sulphonic acid 
grouty. whereas there would he unchanged sulphonic 
acid in the centre of the autoclave. 

By this it is not meant that it would 1 h> impossible 
to carry out such operations in non-agitator direct* 
tired laboratory autoclaves, but rather that such a 
piece of apparatus would not be desirable, much 
less ideal. 

{Since most of the caustic fusion recipes given 
in such works as Cain's “ Manufacture of Inter- 
mediate Products for Dyes ” for working in auto- 
claves recommend the use of caustic soda of from 
25% to 60% strength, and temj>eratures below 
200° C., it follows that the pressures generated will 
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not be very high. For tills type of reaction the 
pressure rarely exceed 10 atmospheres, so there is 
absolutely no reason why agitator autoclave* 
should not be used. 

As the paste is fairly stiff, the tyjie of the 
agitator most likely to do its work thoroughly 
Is the anchor design, supplemented perhaps bv 
an inside "gate" (Figs, o am! S). The speed of 
agitation peed not be high in fact to attempt high 
speed* would be to risk bending the agitator blades, 
so, all things considered, an anchor agitator auto* 
clave of capacity, say, \ to l litre. dri\cn by t w 
worm gear, and heated in an oft- hath. would be the 
most suita blc fora pieee of research work involving 
caustic fusions. 

Before considering details of cloning up. heating, 
and opening laboratory autoclaves which are 
much the same whatever the nature of the opera- 
tion performed in them, let us briefly touch the 
special requirements of chemical reactions (2) and 

(3). • 

(2) 'Flic operation of suhM it uting an amino- 
group for a hydroxy- or a ha logon -group is known 
a* amidation. The usual procedure is to heat the 
hydroxy- or halogen-derivati\e with ammonia, 
either ajueous or alcoholic, w it li or without sodium 
bisulphite, at temperatures sulliricnt to give a 
pressure of G to 10 atmospheres. Typical examples 
of these reactions can be seen in any organic text- 
book, the following being fairly representative of 
this class of work : 
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(a) the preparation of 

NH a 01‘ 


r »no,.h 


3 11 fro 




S(hH 


no 2 no 2 

(6) the preparation of 

- ' ,* \ 

I I J Nn -’ from | j 

(r) the preparation of 


,OH 


S( ). { ll 


,N H, , , 

| - from j 


* N( >.,H 
.OH 


Here, then, wo ha\V a final mixture after charg- 
ing, which is ipueh thimfbr than the caustic fusions, 
and which when on temj)erature may consist of an 
oil and an aqueous solution | example (5)). If this 
operation were carried out in a non-agitator 
autoclave, poor and inconsistent yields would, 
without douht. he obtained, and even if the agita- 
tion were of the slow whirlpool type recommended 
for caustic fusions, it would hardly be sufficient to 
cope with the needs of the ease. 

The pressures, again, are not high, although 
ammonia ks one of the most ‘ 4 searching ” of all 
gases, and many a gland which is perfectly tight 
to steam shows a leak to ammonia. Still, that can 
be dealt with, and the pressure will be a diminishing 
one as the amidation proceeds. Undoubtedly the 
type of agitator mast suitable for the whipping up / 
of an oil and water is the propeller, although the .. 
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twin agitator dshown in Fig. 9 would probably bo 
satisfactory if the? glands did not leak. A worm- 
drive is not necessary, nor altogether desirable, for 
bevel cogs would give a greater speed of agitation 
without having to run the pulley too fast. Since 
tfie agitation will keep the contents of the autoclave 
in constant movement, it would be «| uite possible 
to work satisfactorily with direct heating, the 
advantage being, of course, speed of heating up. 
There is nothing to be said against oil- bath work, 
however, if properly Varried out, and it is perhaps 
easier to keep strictly to temperature condition* 
when an oil-bath is used. On account of the action 
of ammonia on copper it is essential that this metal 
be not used, either for packing rings, washers or 
in the gauge. A lead ring for the yover. asbestos 
packing for the gland and steel tube gauges are 
a satisfactory combination for amidations. 

(3) Examples of this type of reactions iw' as 

follows: 

niit", n. :].!]> 

V / j 

(«) The preparation of j | or | | 

•/ 

from aniline. 

(6) The preparation of ethyl x-naphthyl- 
amine from a-naphthylamine. 

Further examples could Ik; quoted in large 
numbers, as these reactions are simply typical 
xt methylations ” or “ ethylations. M 

The most common methods of introducing methyl- 
or ethyl-groups into an amino-group arc treatment 
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of the amino-body either with rmvthyl or ethyl 
alcohol and a mineral acid, or tfith the methyl or 
ethyl esters of mineral acids, such as methyl 
sulphate or ethyl chloride. 

Although many met hylut inns anil ethylations 
can be carried out under ordinary pressure, there 
are a great many commercial recipes in constant 
use in the chemical industry which involve the use 
of autoclaves. 

In working recipes involving the use of dilute 
mineral acid the autoclave must naturally be pro- 
vided with a liner, and all steel parts protected in 
order to avoid corrosion of the autoclave and the 
development of enormous pressures by reason of 
the hydrogen evolveft. If sulphuric acid is used, 
it is possible ^employ leful os a protective material, 
but in most eases an enamelled east-iron liner is 
more satisfactory. The mixture of the. amino- 
com^Miml (or its sulphate or hydrochloride), 
mineral acid and alcohol often forms a homogeneous 
whole. Accordingly this type of operation* can 
often be carried out in a mm-agitator autoclavo 
just as easily and completely as in an agitator 
one, which is a great advantage, considering the 
diflieulty in securing adequate protection of 
the steel autoclave from the searching acid 
vapours. 

Sometimes inethylations or ethylations arc 
carried out by heating a mixture of the amine, 
methyl or ethyl chloride and milk of lime, the 
function of the latter being to absorb the acid 
formed in the reaction, in this case, an agit&tpr > 
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autoclave would be used, but it would not be 
necessary to employ the enamel liner. 

In order to follow exactly the procedure most 
likely to ensure the successful working of laboratory 
fyitoclaves, let us take a typical ease - say of the 
caustic fusion of a sulphonic acid or amino- 
sulphonic acid of the naphthalene series to the 
corresponding hydroxy-compound and go over 
carefully every step taken. 

The autoclave chosen for the worl# will he an 
agitator one of froth <>00 to 1 000 c.e. capacity, 
the type of agitator being simple anchor, or 
an anchor reinforced with an inside gate. The 
autoclave will be worm-driven and heated in an 
oil -bath. 

The size of the batch will bo regulated so that 
the complete charge before sealing up occupies 
three-quarters to four- fifths the total capacity of 
the autoclaves. This is very important, as, awing 
to the expansion of liquids on heating, if the charge 
be too great, enormous pressures will lie generated 
when tho high temp-rat lire is reached. 

The author has known of cases in which the screw 
threads of the manometer and even the cover Inilts 
have been stripped owing to the neglect of this 
precaution. In carrying out a series of experi- 
ments it is important to keep the sizes of the 
batches approximately constant, for the golden 
role in research work is to alter one factor, and 
one factor only , at a time. In spite of much that 
haa been written to the contrary, it is quite possible 
carry out caustic fusions in a steel autoclave 
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without the use of a liner, particularly if the fusion 
of the rock caustic with the necessary quantity of 
water is done in a cast-iron vessel, avul, when melted, 
transferred to the autoclave. If the liner is 
properly lifted with solder into the body of the 
autoclave there can, of course, he no possible 
objection to the use of it. 

tad us suppose, then, that the calculated 
quantity of eaustie soda and water has been fused 
together and transferred to tin* autoclave, and the 
sulphonie aeid or its sodiunf salt is weighed out 
<*vadv for charging. As the resultant mixture will 
proha hly he fairly stiff, it will perhaps be advisable 
to have the autoclave in its oil-bath and some heat 
applied in order to end np with a mixture at 70' C. 
or higher. Naturally no hard-and-fast rule can be 
laid down on this point, for so much depends on the 
particular recipe, hut the final temperature before 
sealing up should he as low as is compatible with 
proper mixing of the charge. 

When all the sulphonie aeid has been added, the 
mixture will he a thick cream, and the operation 
of dosing the autoclave is now begun. This is a 
very important stage and one which may easily he 
carried out incorrectly by inexjierienced hands. 
In the first place, it is important to see t-hat the 
sunk ring in the hody flange of the autoclaves, 
on to which the raised rim on the cover presses, is 
in perfect condition and quite clean. This ring 
is generally made of lead for most laboratory 
purposes, although for very high pressures copper 
is better. The cover is placed over the round bolts 



Laboratory Autoclaves — Use 55 

on to the Cody flange and shaken about to ensure 
that it fe “ sitting*” nicely. Then the large round 
nuts are threaded down until they just begin to 
grip. Up to this stage nothing but the lingers has 
been necessary, but now two stout k ‘ tommy bars ” 
sitould be used. One of these is slipped alongside 
the round nuts and the other threaded through the 
circular hole in one nut. Pressure is now exerted 
so gs to tighten up that one nut by half a revolution. 
The bars are withdrawn and the nut ynmcdiatcly 
opposite to the one ltrst tightened is next turned. 
In this way all the nuts are in turn screws! down, 
always going from any nut to tlie one immediately 
opposite to it. When all the; nuts have been so 
treated twiee, the procedure % changed and the 
nuts are screwed down oncTafter the £>thei\ passing 
round and round the cover until it is impossible 
to screw any nut down any further. It is absolutely 
unnecessary to use a hammer to tighten *±p a 
laboratory autoclave, and such a procedure only 
risks -stripping the thread of the screws. 'Die 
autoclave is now heated up, the agitator being run 
at a steady continuous sj»eed. Unless there is 
some special reason to the contrary, it is as well 
to heat up to the, correct tcm|H*ralure as quickly as 
'possible, which may take any time from one to 
six hours. 

The raising of an autoclave to tcmj>erature and 
the subsequent maintaining of it at that tempera- 
ture is by no means an easy operation, but one that 
requires considerable exj>eriencc. Htill, it is possi* 
to give some hints as to how to set about the 
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task without claiming that the method described is 
the only practicable one. 1 

In the present case let us suppose that the desired 
internal temperature of the batch is 180° C., which 
is a fairly representative figure for this class of 
chemical action. The temperature of the oil-bath 
containing the autoclave would be raised steadily 
to this figure, which might take from one to two 
hours. As then' is always a “ lag ” or. difference 
in temperature hid ween the oil-bath and the. inside 
of the autoclave, even when both are perfectly 
•constant and steady, there is no risk run in raising 
tin. 1 oil-hat h straight away to the desired tempera- 
ture. At this point the inside temperature of the 
hatch will he perhaps 120 (*., as shown by the 
thermometer, placed m the thermometer- tube 
which has previously been partially filled with oil. 
An attempt is now made to steady the temperature 
of Me oil-bath by adjustment of the gas or electric 
heating appliances, the object being to slow off 
the rate of heating of the oil-bath and to bring its 
temperature to about 10 to 20 (-. above the 

desired internal temperature of the charge. While 
this is I wing done, the temperature of the charge 
in the autoclave rises steadily, and finally Gomes to A 
figure about 10 to 40 (’. below that of the oil- 
bath at which it is constant . The difference between 
the two temperatures when both arc steady is the 
“ lag, 1 ’ and depends on t he capacity and the design 
of the apparatus. Where the loss of heat by radia- 
tion from oil-bath and autoclave top is low, the 
“ lag is small, and vice versa. Let us suppose we 
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have reached £ position of steadiness and equili- 
brium, the oit-batrfi being 105° C. and the ther- 
mometer in the autoclave tube showing 175° C., 
i.c., 5° too low. We now slightly increase the heat 
oil the bath and wait till it comes up and remains 
steady at 2(K)° (\ When this has occurred it is 
probable that there has been no change in the 
autoclave thermometer reading, but we must be 
patjent, for the heat takes some, time to pass*from 
the bath and raise the temperature the large 
mass of autoclave and charge. Only when we are 
sure that the full effect of our heating of the oil-*, 
bath has been reflected in the tlTcrmometcr reading 
of the autoclave should we consider a further 
increase or decrease in heat on the bath if Acquired. 

It is essential that a cRcmist should be most 
systematic and patient if lie is to acquire any skill 
in regulating autoclaves, particularly those heated 
in oil- baths. * 

Once* the autoclave has been got "on tempera- 
ture ” .the maintenance of it at that degree of heat 
is a simple matter provided one remembers that 
one must never make sudden and drastic alterations 
in the heating and must always wait for the effect 
of any change to show on the autoclave thermometer 
before making further adjustments. It is sur- 
prising how little an alteration in gas supply to 
the burner is needed in order to cause a rise or fall 
of 5° on the autoclave thermometer. 

It in advisable to keep a record of the progress 
of the experiment in the form of a chart, the 
following being a typical example. 
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Twnp. of 

Temp, of 

4 

'urn*. 

nil-bfith. 

1 

char go. 

i i 

pressure. 

i 

i 


l^omarks. 


As soon as the time for tin* heating of the charge 
at full temperature is over the heat is turned 5ff 
and the autoclave is allowed to eool. The practice 
of cooling very quickly in water is not to he recom- 
mended except in eases of emergency, as it is 
liable to eajise strains in the steel of the autoclave. 
In addition, it is a procedure which it would bo 
>impossih!c to imitate on a large scale. It is, 
however, quite reasonable to lift the autoclave 
from its hath and allow it to cool in the air of the 
laboratory. The chart should be tilled up during 
cooling, and t this may 'yield valuable evidence in 
some experiments. 

As regards opening the autoclave, this is an 
operation of some danger unless done correctly, 
especially if through the evolution of a gas* during 
the reaction there is a residual pressure shown on 
the gauge even when the autoclave is quite cold. 
Nevertheless if carried out properly accidents need 
never occur. The lirst step is to insert the “ tommy 
liars " which were used for tightening up, one 
between the big round nuts to steady the autoclave 
on its stand, and the other through one particular 
nut. Reference to the diagrams will show these 
nuts to have circular holes in them and the “ tommy 
liars” are made just to fit these holes tightly. 
Although it was possible to tighten up an autoclave 
cover without the use of a hammer, it is generally; 
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necessary to bit the tommy bar smartly with a 
2 lb. h&mmcr in •order to loosen the nut. The 
moment the nut is loosened mr so slightly it is left 
and the operation carried out on the adjacent nut. 
In this manner all the nuts are loosened, but unless 
there is a huge residual pressure - say 20 atmo- 
spheres — the cover will be so embedded in the lead 
ring that there will lu* no apparent diminution in 
thew pressure on the gauge. When all the* nuts 
have been loosened they art* unscrewed slightly — 
say half a revolution and tin* edge of a well- 
sharpened cold chisel is placed between the Hnnge* 
of the cover and that of the autoclave. On driving 
this home with a few smart blows the cover is 
cased in the lead ring and flic gas causing the 
residual pressure, if any, escapes harnjessly without 
splashing the charge over the operator. Kvcn if 
there is no residual pressure shown, this procedure 
should be ahmys adopted, as often there is a slight 
puff of gas when the cover is cased which would 
mean 4 he probable loss of some of the charge if the 
cover should Ik* taken off carelessly. Once the 
operator has assured himself that the cover is eased 
and that any pressure in the autoclave has lieen 
relieved, then the large nuts are quickly unscrewed 

and the cover is entirely lifted off. 

• * 

The author has opened autoclave# showing from 
300 to 400 lb. per sq. inch residual pressure with 
perfect safety by adopting the method just 
described. 

To sum up, it should lx- observe**! that there 
am certain golden rules governing the successful 
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use of laboratory autoclave, and although skilled 
and experienced c hemists may •depart from these 
and still obtain satisfactory results, that does not 
alter the fact that by so doing they are taking a 
risk which may lead to unreliable and untrust- 
worthy work. • 

Those rules can be stated briefly as follows : 

(1) Km ploy an agitator autoclave! wherever 
possible, and nltray.s where the starting mixture 
or final reaction product is not homogeneous! 

(*2) Km ploy an oil-bath a* the heating medium 
©wherever possible, and always where a solid is 
likely to separate out during the course of the 
reaction. 

(3) Keep accurate^ records of the temperature of 
the oil hath, % tcmpcraflirc of the mixture and 
pressure. These observations should be charted 
every half- hour. 

(U Try to regulate the size of the batches to 
occupy 70% to 80% (, f I hi' capacity of the auto- 
clave when fully charged before heating up.* 

(o) Remember, that time spent in correctly 
tightening up the holts which hold the cover to 
the body of the autoclave so as to ensure, an even 
pressure on the ring is well sjH'nt. 

(0) (let the mixture to the proper reaction 
temjH'ruturc as quickly as possible without taking 
risk of burning. It is safer to force an agitator 
autoclave than a non-agitator. In special cases it . 
may be necessary to heat up slowly in order to cause 
a reaction to take place over a range of temperature 
to avoid getting too high pressures. 
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(7) Never tighten up any nuts and holts except 
those oil the atuflhig- boxes when the contents of 
the autoclave are under pressure. 

(8) Never depart from the. correct method of 
opening an .autoclave as previously elaborated. 
It is perfectly safe to open an autoclave with 
residual pressure inside if the proper procedure is 
adopted, but the careless opening of one con- 
taining caustic soda may cause tin* operator to 
lose Ins sight. 
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CHAPTER IV 

SK.m-LAIU. E-St'AI.E 1'I.ANT 

• 

Thkke is M)im‘ difficulty in correctly defining 
semi-large-scale plant, as there is bound to Ik* a 
gradual transition from tin* wry largo laboratory 
aiftoelave to tlm real large-scale plant. Jt is hardly 
enough to fix limits in definite capacities, nor is 
it altogether correct to describe “ laboratory 
autoclaves as those used for experimental Work 
and “plant ” a^ tlm>e used for production. 

There are some fame eliemieals the market 
requirements of whieli are so small that they ean 
bo. and are. aetually manufaefured by the trade 
in laboratory apparatus, while on tin* other hand 
it is often tiie custom to put # batehes through in 
serni-large-seale plant simply as experiments in 
order to determine without great cost how a new- 
process will go under works renditions. Perhaps 
the? best elussifieation and the one which shows the 
real distinction between laboratory apparatus and 
small-scale plant is to regard laboratory apparatus 
as that which run be moved about from place to 
place, which is capable of being emptied of its 
charge by hand and whose capacity does not 
greatly exceed t or .*> gallons. 

Semi- large-scale plant is, then, apparatus 
installed * perm a nentlv in brickwork in a shed 
which is worked by workmen under the. direction 
Of a chemist, and whose function is either to test 
out new processes on a small scale or to manufacture 
smal| batches of material required in only moderate 
- quantities. 

3 


4»5 



00 Autoclaves arul High Pressure Wor& 


The capacity of semi-Iarge-scalc autoclaves is 
from 5 to 50 gallons, whereas a small -size works pan 
will be about 200 gallons. 

As was found to be the case with laboratory 
apparatus, so there are a great variety of semi- 
large-scale pans, made to meet all sorts of require- 
ments. There are four examples, however, which 
will be considered in detail as being interesting 
and •representative types : # 


(1) *A moderately high pressure non-agitator 
autoclave. 

(2) A moderately high pressure agitator 
autoclave. 

(5) A very Ipgl 1 pressure agitator autoclave. 

(4) Steam-jacket, autoclaves. 

Ti/jh Xn* 1. The non-agitator autoclave is 
becoming used less and less of late years owing to 
the great improvement in the design of agitator 
pans, particularly with regard to the construction 
of tin* gland of the agitator shaft. Still, for some 
purposes, a gas-heated non-agitator pan is all that 
is required. The pan about to be described is 
elassitied as a moderately high pressure one, and in 
this connection a few words of explanation are 
necessary. We have seen that with laboratory 
apparatus it is quite common to have autoclaves, 
agitator or otherwise, which arc capable of standing^ 
pressures up to 200 atmospheres. Those liigfr 
pressures arc seldom required in chemical research 
work, still the construction of the apparatus i%such 
that they could easily stand them. Naturally, > 
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when one is dealing with large pans, the possible 
sources of leakage ^uv much greater, and hence it 
becomes more difficult to get really full-size works 
autoclaves to stand pressures which arc considered 
low in laboratory apparatus. Semi large-scale 
plant is intermediate in this respect. 

A glance at the table given on p. IS illustrates 
this point, and we may summarise tin* matter as 

follows : 

• • 

Ordinary laboratory autoclave,-* agitator type 
will stand pressures to 5<M_> atmospheres, while 
the non-agitator ones can go to ;MH) atmospheres. 

Really *' high pressure " la Moratory apparatus 
can be made to stand 500 to looo atmospheres 
pressure. • 

Semi- large -scale plant l<c mwl* rtiUhj high j>re£- 
BurtH will stand working pressures incite region of 
60 atmospheres whether agitator or non-agitator 
type. ^ 

Very. high pressure semi large-scale plant which 
is usually of the agitatin' type will work up to 200 
atmospheres. 

In the large-scale works class of pan of capacities 
200 gallons upwards, non agitator pans will work 
Up to KM) atmospheres, although this lyj>e of plant 
has many disadvantages. 

:< The high pressure works pan of RXi gallons 
capacity or more, fitted with stuffing- t>ox agitator, 
has a working pressure of 40 to 50 atmospheres, 
While the larger size low pressure agitator autoclave 
works best up to 10 or 15 atmospheres. 

Tb return to our Type No. 1 non-agitator 
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autoclave. This is described as a ipoderately high 
pressure semi-large-scale pan# and is •therefore 
usually of capacities of 25 to 50 gallons and working 
pressures of 40 atmospheres. 

Fig. 10 gives a general idea of the type and 
suitable setting of these autoclaves. As flic 
construction of the pan is so similar to the agitator 
ones which will be shown later in section drawing, 
it wns thought that a general view of the nrrapge- 
jnent of tins pan would be more* interesting. • 

The autoclave is machined from solid mild steel 
9 forgings and fitted with pressure gauge, safety 
valve, and thormdlneter pipe. It is set in brick- 
work and heated by gas burners, which are the most 
satisfactory and lfcual means of heating semi- 
large scab* plant. In addition to the regulation 
of the gas pressure on the burners, some regulation 
of temperature is cfTnted by means of the damper 
controlled by chain and wheel as illustrated in the 
diagram. 

Type X o. 2. — The moderately high pressure 
agitator autoclave about to be descrilied is a very 
useful and efficient piece of plant, and represents 
the latest modern practice in autoclave construction* 
Fig. 1 1 shows a section of this pan and serves to 
illustrate the outstanding features of the same. 

The autoclave is made of cast steel and is 
immersed in an oil -bath for uniform heating. As 
with most semi- large-scale plant, gas firing takes; 
the place of the ordinary furnace. The capacity of^: 
this type of pan ranges from 20 to 50 gallon# arid 
the best working pressures are up to 40 atmosphere#*. 
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although it would be quite safe to.work up to 50 
atmospheres. • 

The cover is fitted to flu; flange of the body by a 
copper gasket in a full register joint, contact being 
made good by means of hexagonal nuts and bolts. 
The agitator is of the anchor type and passes 
through a water-cooled stuffing-box packed with 
black-leaded asbestos or lead rings. 

Power is applied to the pan by incurs of a«flat 
belt passing over a “ fast and loose ” pulley,* which 
renders it possible to stop the agitation at a 
• moment’s notice by sliding the belt on to the loo>se 
pulley. A good speed agitation is secured by 
means of bevel cogs. 

Other points of interest arc the use of a liner to 
protect the jyttoelave Body, the space between the 
liner and autoclave walls being filled with solder, 
and the fitting of the safety collar. It has been 
foiled that when working at pressures over 20 
atmospheres or even at lower pressures irt large- 
size autoclaves, there is a tendency for the agitator 
to be forced upwards. This not only causes grind- 
ing and wear on the bevel cogs, but also tends 
to cause leakage through the stuffing-box. The 
safety collar fixed to the shaft just below the inside 
of the cover takes this strain and so ensures smooth 
running. Although no safety valve is sho'wn in the 
diagram, it is usual to fit one, but the question as to, 
the most suitable kind will be dealt with under t 
section devoted to large-scale plant, as this is a 
problem of much greater concern to the users el 
large-scale plant. 
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Type No. 3 . — There are now on the market a 
number of small siuni -large -seale t autoclaves capable 
of standing really high pressures and of the agitator 
type. The pressures referred to are up to 200 
atmospheres and the most convenient capacity 5 
gallons, although it is possible to obtain larger siz^s. 
Naturally when enormous pressures of this descrip- 
tion have to be resisted, all parts of the plant must 
be somewhat massive, and although the seetioij in 
Fig. 12 is not intended to he strict ly to scale, it 
serves to show how liberal must be the allowance 
of metal in autoclaves of this type. To anyone 
familiar with autot laves, tin* diagram itself will 
show most of the points of interest in this model, 
hut a very brief stuvey will not, perhaps, be out 
of plac e. 

'The body AT the autoclave (>/), which is east in 
one piee<\ rests on an iron platform (//) supported 
on brickwork or a specially constructed furnace 
casing indicated by (.r). Such small pans are 
usually directly heated by gas, precautions being 
taken to avoid the play of the burner (lames on the 
bottom or sides of tlu* autoclave. Oil-bath heating 
as shown for the lower pressure type in Fig. 11 
would, however, l>e perfectly satisfactory and in 
many ways su|>erior to the most perfect system of 
direct-tiring with battle plates. The cover of the 
autoclave (/>) is of interest , as the shape of the inside 
is such as to avoid sharp angles, a very necessary 
thing for semi -large-scale plant, which has to 
withstand very high pressures. The cover is 
fastened down on to the body by means of the 
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heavy round nuts (d) y a perfect joint l>eing made 
with a full register joint and copper gasket (c). 

The inside fittings of the autoclave are as usual, 
viz. a thermometer pipe (< ) and agitator (/), the 
shape of the latter being peculiar so as to enable a 
discharge- pipe (*/) to come to the bottom of the pan. 
The discharge pipe leads to a heavy valve ( h ) and 
finally to the outlet (/), it being sometimes the 
custom to have* a further valve lifted which actr as 
an inlet for, charging or as a blow-off at the end of 
the reaction. 

r The agitator shaft is fitted with a safety collar 
(k) as described previously, this being all the more 
mcessarv to take strain olf the bevel cogs at such 

i i t '' 

very high pressures. 

The sluiline-box ( j) ft not usually water-cooled 
in the o gallon sizes, but for anything much larger 
it would be bet ter so. The usual arrangements for 
driv^ig the agitator are shown (/. /, w,), the addi- 
tion of the fast and loose pulleys («) being a very 
necessary safety precaution in semi -large-scale plant. 

Although small in size and somewhat inefficient 
in agitation, this type of autoclave has numerous 
ad vantages and w ill be found capable of very faith- 
ful service for experimental «»ork and small-scale 
manufacture where high pressures are unavoidable* 

Type No. 4. Steam jacket Autoclaves .- — Although 
there are a great variety of special designs of semi- 
large-scale autoclaves, too numerous to mention in 
detail, no section on this subject would Ik? complete 
without a few words on steam-jacket pans. 

As the name implies, those arc autoclaves ih - 
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vhich steam is sised as tin; heating medium, some- 
imes direct from ti^ toiler at high <»r huv pressures 
mkI sometimes superheated where higher tem- 
perature's are' r«*f|iiir«'d. 



A brief description <>f two types of steam-heated 
autoclave will im»w follow : 

(a) Horizontal type -large* eapaeity. 

(b) Vertical type small capacity for higher 
pressures. 

{a) A typical horizontal steam-jacket autoclave 
is shown jn Fig. 13. Although made in smaller 
sized} the most useful is tile 50-gallon capacity pan, 
which has a working pressure, of to 40 atmo- 
spheres. The autoclave itself is made from solid 
steel forgings and is lilted with manhole and lie!, 
pressure gauge, inlet and discharge pipes, together 
With the necessary valves. The steam-jacket 
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taken the form of a mild steel till*? fitted into the 
autoelave covers at cither end.* It is provided with 
its own gauge and safety valve, the latter being 
of the. ordinary steam- boiler type, and inlet and 
exhaust pipes tor the steam supply. In order to 
prevent loss of heat by radiation it is usual to have 
the steam-jacket well lagged with a thick covering of 
suitable non-conduct ing material, such as some of 
the asbestos composition pastes sold for steam pijtcs. 
• The agitator shaft runs horizontally through the 
autoelave from one cover tf» the other and is fitted 
with blades at intervals along its entire length. 
It passes through shilling-boxes at either end* and 
is supported also at each end by external bearings. 
Powc*’ is supplied f>y means of a flat belt operating 
fast and loo^e pulleys.' 

The measurement of temperatures in this type 
of autoclave presents some difficulty, as a single 
thermometer pipe would hardly give a truly repre* 
sentative reading. The best modern practice is to 
use pyrometers which can he arranged to slide 
inside the hollow agitator shaft from either end, 
thus rendering it possible to obtain accurate 
temperature measurement at any point. 

(h) The vertical steam -jacket autoclave shown 
in Fig. 14 is a rather more heavily built type of pan 
for pressures up to €50 or 70 atmospheres. The 
general construction of the autoclave is so similar 
to designs previously described that no explanation 
of the diagram in that respect is necessary. The 
capacity of this autoclave generally ranges from. 
5 to 20 gallons. The points of interest are those 
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connected with the steam-jacket. # This is of mild 
steel, and is fitted with safety* valve, steam gauge 
and the necessary pipes for connecting to the 
steam mains. In addition, the steam-jacket may 
be heated by gas burners in order to superheat the 
steam, by which means temperatures up to ?100 u C. 
can be conveniently reached. 

If so desired, the inlet valve could be closed and 
the steam-jacket used as a boiler to generate its 
own steam. 

In concluding this chapter it is not intended to 
« devote any space to the details of working semi- 
large-scale plant. Although there are without 
doubt several points of difference, generally speak- 
ing the conditions approximate to those of large- 
scale manufacture, which will he considered at some 
length in subsequent chapters. 

In those models which have not permanent 
bknv-over pipes I it. ted such as in Fig. 12, it is usual 
to empty the pan by means of a special pipe, which 
is inserted through the charging hole or through a 
hole in the manhole lid after the hatch is cooled 
down and the pressure relieved. On passing 
compressed air into the pan the contents are blown 
over into any suitable vessel for the next stage of 
manufacture or experiment. Although it has been 
impossible to show the compressed air inlet In the 
diagrams, most semi-large-scalc autoclaves except:, 
the very smallest sizes have such a fitting, as lifting 
the cover and bailing out the contents by means ofy 
buckets would be a very clumsy and tedic>U$; : 
operation to perform for each batch. 
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CHAPTER V 


THE CONS'SJUTCTION ANI) USE OF WORKS 
•VUTOCLAVES 

Introduction - Up to now wo have been con- 
sidering apparatus essentially designed either 
sifhply for experimental work or for very inter- 
mittent manufacture possibly of an experimental 
nature. When (hading with the subject of works 
plant, we must remember that this is intended for 
regular routine production and that therefore, 
several factors which up to now have been of small 
importance* become vital. Foremost amongst 
these factors is reliability, by* which one means 
that a satisfactory design of works autoclave is 
one that is capable of withstanding reasonable wear 
and tear for long periods without constantly need- 
ing attention at the hands of the "maintenance 
engineer. When considering the different types of 
works autoclaves and comparing them with those 
of the .semi -large -scale or laboratory sections* it 
may seem that some repetition has occurred, for 
all autoclaves must necessarily be fundamentally 
similar, but the conditions of works practice are so 
different that it is desirable to treat this branch of 
the subject as a separate chapter regardless of what 
has gone before. 

Although works autoclaves may be said to range 
in size from 25 gallons to 2500 gallons, the lower 
limits are better regarded as semi -large -scale plant, 
While the higher arc so exceptional as to be outside 
the scope of this book. For general purposes, 
Works autoclaves may be taken as ranging in size 
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from 200 galloon to 1000 galloon, the larger sizes 
bring those for low pressures, a/id vice verm . 

It was stated in the previous chapter that owing 
to the improvement in the manufacture of agitator 
autoclaves, the use of the non-agitator type was 
becoming less common, and this is true of works 
plant also. For this reason it is not intended to 
take any particular design of the works non-agi- 
tator autoclave into consideration, but as in njany 
old established works these pans are still* doing 
good service a few general • observat ions on their 
t use. will sufliee. 

The non agitator autoclave is often a small- 
sized pan made of very thick steel, and is used for 
what must be rcguAled as very high pressure from 
a works point of view* In some cases the walls 
of the pan are 1 or ."> inches thick and when 
properly sealed will stand pressures of 100 atmo- 
spheres ; indeed the whole problem of getting 
works pans to stand pressures resolves itself into 
the pioblcm of getting packed joints to remain 
good. The non-agitator autoclaves have small 
manholes for charging far too small to allow a 
man to pass through - and the joint of the cover 
on to the body, once made, is never broken until it 
is necessary to have the pan cleaned out and 
examined. This joint is packed either with a lead 
ring or thick black- leaded aslicstos rope, and 
although the full or half register gasket os in 
Fig. 11 (Chapter IV) might be employed witil 
advantage, in old pans it is not usual. The nute 
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and holts employed to exert the necessary pressure 
fcotweeA cover ai*d body are very strong and as 
numerous as possible. Ileally satisfactory joints 
have been made by using rings I inch to 2 inches 
wide and ] inch to \ inc h thick, the material being 
lead, copper, or black-leaded asbestos, and it is good 
to bear in mind that the method of tightening up 
and lifting the ling is just as important as the 
material used. The joint between the manhole- lid 
and the manhole in the* pan cover is ayothcr source 
of 'weakness, but In* re again a Hat black-leaded 
asbestos ring gives a good joint, although it 
advisable, to use a fresh ring for each batc h. 

Non-agitator autoclaves should always be oil- 
bath-hcalcd unless the con t Aits are an absolutely 
homogeneous mixture of* mobile liquids or a thin 
aqueous solution. Tin* author mice, had occasion 
to investigate variable* yields of a caustic fusion of 
a naphthalene sulphonie acid and found tluyt the 
operation was being carried out in a direct-fired 
non-agitator autoclave. No wonder the yields 
were variable ! When working with these auto- 
claves, it is very necessary to have adequate 
arrangements for relieving pressures should they 
get too high. It has been stated that the ordinary 
safety \ulvc is not very reliable for autoclave work, 
but, as'will Ik? shown later, there are devices which 
seldom fail. In the event of internal decomposi- 
tions, if the cover and manhole joints had been 
mode correctly, it is probable that the contents 
would attain an enormous pressure before anything 
happened. With no safety device and no friendly 
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agitator gland to protest by leaking apd tlie pressure 
gauge blocked up, the first intimation of anything 
wrong would be the “ blowing ” of the ring off the 
manhole lid and subsequent ejection of the contents 
of the pan all over the shed. 

Apart from the tact that non-agitator pans are 
more likely to collect a deposit on the inside and 
therefore should be cleaned out more frequently, 
the routine of periodic testing and examination- is 
the same as, .with agitator pans. It is not always 
necessary to remove the cover and put men inside 
the pans for removal of deposits, although this is 
the last resort. If, however, the works chemist 
will cultivate the habit of boiling out his pans with 
water whenever an '‘opportunity presents itself, 
he will be sui^rised to iind how much dirt and 
insoluble matter can be dislodged. The cost in 
firing is very little, and it may mean that the 
autoclave will continue its routine work for half 
a* long again before having to be dismantled ‘for a 
complete scraping and examination. 

The Lakoe size Low Pressure Works 
Avt< reave 

It is intended to devote some considerable space 
to the description of the const ruction of j.ho low 
pressure works autoclave, as for all-round work 
there is no doubt that this tyf>e of pan is the most 
useful the works chemist has at his disposal. First 
of all, without confining ourselves to specific limits, 
let us decide a reasonable range of capacities and 
pressures within which to fix the definition of this 
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autoclave. On the works, working with largo 
*pans, low pressures may bo said to range from 5 to 
15 atmospheres, and although with careful attention 
to the packing of joints it might be possible to work 
pp to 20 atmospheres in the typo of autoclave to be 
considered, it is getting far ton near to tin* actual 
tested limit to be safe. For regular routine work, 
by far the best results are obtained at pressures of 
from 5 to 10 atmospheres, and although these 
limits may appear close together ami on the low 
side, it is surprising how great a variety of reactions 
can be carried out at these pressures if the research 
chemist sets himself to try to devise recipes 
accordingly. For example, most of the important 
hydroxy-derivatives of the naphthalene series, 
particularly aminonaphtholsulphoni' acids, ran he 
prepared by recipes which do not involve* greater 
pressures than 1(H) lb. per square inch, while 
amidations both in the benzene and naphthalene 
series seldom give rise to pressures higher than 
150 lb. to the square inch, and even that pressure 
diminishes steadily owing to absorption of ammonia 
as the reaction proceeds. 

It can l>e taken then, that, although for ox|wri- 
mental work wo need autoclaves capable of stand- 
ing many hundreds of atmospheres, the hulk of the 
moat important products required in mass by 
chemical industry can be made successfully in 
comparatively low pressure pans. 

As regards capacity and temperature limits, 
there is less need for explanation, as undoubtedly 
the most useful size of large works autoclave is from 
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(*00 to 1000 gallons capacity, while it is seldom that 
temperatures higher than 250 * 0* are required. 

The frontispiece of this book is from a photograph 
of a large size low pressure works autoclave manu- 
factured by Messrs. Adamson and (Jo., Ltd., o| 
Hyde, Manchester. The author has used many of 
these pans and subjected them to a practical test 
of reliability by reason of months of unin ter mittent 
daily working quite out of the ordinary. They 
came through the test most, creditably and can be 
confidently quoted as example** of first-class British 
Workmanship. In the following descriptions of a 
low pressure works autoclave, it is not intended to 
follow in every detail the Adamson design, but the 
description and diagram may be taken as sub- 
stantially correct and characteristic of a works 
autoclave of this type. 

Fig. In gives a sectional elevation of the pan, ^ 
and : s worthy of careful study, as it shows marked 
differences in design from the laboratory and'semi- 
largc-seule plant previously considered. 

In the first place, the body of the pan, instead of 
being cast in one piece, consists of a riveted cylin- 
drical tube, made from sheet steel, open at the top 
to receive the cover, and a shallow dish for the 
bottom which is riveted on to the cylindrical sides. 
It is claimed by some authorities that the prejudice 
in favour of a riveted joint between the dish and 
the sides Is without foundation, but most works \ :i 
chemists who have had experience of both riveted ' 
and welded joints will favour the former. 

The depth of the cylindrical part of the autoclave ? 




87 




88 Autoclaves and High Pressure Work 

from the cover flange to the beginning of the dish 
is from 5 feet (> inches to 6 fe*et, while the depth 
of the dish in the centre is 1 foot. The height of 
the domed cover is about. 10 inches and the internal 
diameter of the autoclave i feet 0 inches. 

Such a pan has a capacity of about 700 gallons, 
which is a very suitable size for all-round manu- 
facturing processes . 

The flange on which the cover rests is cither east 
# as part o# the cylindrical hotly or riveted to it, 
although in autoclaves nufde of thicker steel it 
r ‘ might In* bolted ipto the body, the bolts being, of 
course, not tapped through. 

For this type of pan it is sufficient to use steel 
of 1 inch thickness both for the sides and dish, 
although the* cover would be thither, say 2 inches. 
It is interesting to note that the joint made between 
the cover and the flange is of the u half -register ^ 
type, whereas up to now in previous models we have 
always dealt with full register joints. 'Fig. 10 
shows the two kinds of joints on a larger scale, 
from which it will he seen that the full register 
would be selected if very high pressures were to be 
withstood. For this type of autoclave the half- 
register joint, if properly packed, is on the whole 
satisfactory. In this connection it is interesting 
to note a suggestion which appeared as a contrb 
bution of Mr. F. Bloor in the Engineering World of 
May 7th, 1921. In this it is shown tljat the 
pressure of the bolts on the half- register joint temhf 
to scpiecze the packing material out at A (Fig. Iff 
o) and causes a hinge movement at B to be exerted ' 
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>y the pressure in the pan. The suggestion is that 
he faces of the mc(al to he joined by half register 
hould be at an angle of lf>° with the horizontal, 
ind that a clearance portion ( 1 (Fig. 10 r) should be 



provided. •' The eiTeet of screwing down will now 
Mum the faces to find their true level, besides 
which the ring can give to the point C and fill the 
Space allowed. Having made such a joint the effect 
rf pressure in the pan will lx? to cause hinge action 
tn to the ring, thereby making the joint more secure. 





90 Autoclaves imd High Pressure Work* 

Tlio author has never personally tried such a 
device, but it appears well wortljy of trial, especially 
in autoclaves working up to .*10-40 atmospheres 
pressure. To return to the description of the low 
pressure agitator autoclave, it must he noticed that 
the nuts and holts which secure the half-register 
joint between the body and the cover of the pan 
are of massive construction and placed as closely 
together as is possible. It has been stated that, the 
internal diameter of tin* pun is 4 feet (> inches, and 
so, allowing 1 inch thickness uf steel and a reasonable 
, width of flange, the total over-all diameter of the 
cover is about 5 feel 0 inches. Hence, if these bolts 
are placed live or six inches apart that will mean 
between thirty amWorty altogether, which can be 
taken as a reasonable mtmber to secure a good joint. 
The steel superstructure, whose function it is to 
support the agitator shaft and driving wheels, 
cannot be cast in one piece with the cover, as is the 
ease with smaller autoclaves, but is bolted on to the 
cover as shown in the ligure at. a v r/ 3 , The 
holes into which these bolts go must not be tapped 
through the cover, which is one reason why a 
liberal thickness of metal is allowed in the cover, 
lu a similar manner the base of the stuffing-box is 
bolted on to the cover, the tapped holes a^ain being 
only allowed to penetrate an inch into the metaj. 
Attention is drawn to two points of great interest 
which can be scon both in Fig. 15 and the frontis- 
piece. These are, first, the height of the stuffing* 
box, which is considerable, and, secondly, the libnrnl 
space allowed between the top and sides of the 
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atuffing-box a$d the steel superstructure which 
Imars tile agitator shaft. These are essential 
features characteristic of good design in autoclaves, 
for a large stuffing-box, properly packed, means a 
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tight gland, while liberal space round it ensures 
freedom of movement when it is necessary to screw 
down the collar of the stuffing-box when the pan is 
under pressure. 

Although it has not been |>ossib!e to show it in the 
the cover of the autoclave should have a 
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numlwT of opening* in it, of which tye following are 
necessary for ordinary work (Fig. 17) : 

(1) A large oval opening, known as the 
manhole. 

(*2) A tapped hole for the thermometer pips. 

(3) A tapped hole for the pipe leading to the 
safety valve. 

. ( I) A tapped hole for the pipe leading to the 
pressure gauge. 

(5) A tapped hole for the pipe fitted with a 
valve for “ blowing oil.” 

((>) A tuppe<khole for the pipe leading to the 
compressed air supply. 

These will now *1)0 considered in turn and 
commented on. 

(1) In such large pans as these a manhole is an 
absolute necessity, as the lifting of the cover is an 
operation involving the use of pul ley- blocks, and 
means putting the autoclave out of commission 
for the host part of a week. Once a satisfactory 
joint has been obtained between cover and body, 
it should only he broken when it begins to leak 
through wear or for the jjcriodic overhauling of the 
plant, say once every six months or even a year. 
The function of the manhole is, therefore, the 
charging of the material for the hatch and the usual 
means of access into the pan for examination. 
Naturally the size of the manhole should be as: 
small as possible, for the larger the hole tho more 
difficult it will be to make a tight joint when it te * 
closed. It is usual in 700 gallon autoclaves to have i 
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the manhole of oval shape and just large enough for 
an average man to squeeze through. The manhole 
is closed by a heavy lid of steel as tliiek as the rest 
of the cover. In the middle is a stout ring through 
which chains can pass which bear the weight of the 
lilt while the workmen are adjusting the packing 
ring. The manhole lid is larger than the oval hole 
it is designed to cover, and has, therefore, to he 
passed edgewise through the hole into the pan.* On 
its outer side at the extreme edge is priced a flat, 
pack’ing ring about an inch wide, made of black- 
leaded asbestos, which fits into a shallow groove, 
designed for the purpose. Two stout rods cut 
with screw threads are fastened at right angles to 
the surface of the lid, and tlfese thread through 
stout bars which hr id ire adoss the manhole itself. 
On screwing down two massive nuts, one on each 
rod, the manhole lid is pressed Hjnntrris firmly 
against the inside surface of the manhole, the 
asbestos packing ring causing a gas tight joint to be 
made. It will be seen that, provided the joint is 
good, the effect of pressure will be to push up the 
manhole lid more firmly against the inside of the 
cover. This explanation is necessarily rather 
involved, but a study of the frontispiece, which 
shows clearly the nuts and bars holding the manhole 
lid in place, together with Fig. 17. which shows a 
sketch of the manhole lid from different positions, 
should help to make this explanation easier to 
follow. 

: (2) The thermometer pipe is not shown in Fig. 15, 
$08 it was desired to illustrate mainly features of 
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difference between works and laboratory pans. 
The general construction ai^l function of the 
thermometer pipe arc just the same in these large 
autoclaves as in the laboratory ones. It is a 
narrow tube, say of L inch bore, of thick- walled 
steel piping wide enough to conveniently accommo- 
date the works thermometers, and is arranged to 
reach as near the bottom of the pan as possible. As 
there is generally plenty of room on the cover. top, 
.tho works Jhcrmometer pipes pass vertically* down- 
wards, rather than at a slant, as was so oftei\ the 
ease in laboratory apparatus. There is no parti- 
cular virtue in this # exeept that it is probably easier 
to avoid breakage of the thermometer if it comes 
out vcitieally from*the pipe. A few words at this 
point on works thermometers suitable for auto- 
claves may not he out of place. Tho works ther- 
mometer differs from the usual laboratory ofte in 
bejug of great length — say from feet f> indues to 
7 feet, the size of thtfhulh, bore of capillary and 
quantity of mercury inside being arranged so that 
the scale from 0 ’ to 200’ or 3(RT 0. occupies the < 
top 12 inches or IS inches of the instrument. 

Tho best works thermometers, especially for high 
temperatures, are tilled with nitrogen to prevent tho 
condensation of mercury vapour in tho cool upper 
parts. Many of these instruments have.* engraved 
scales inside the tube rather than the graduations^ 
simply etched on the outside of the gloss. If thefc#?' 
inside scales are reliable and rigid this type is thei/S 
better, as they arc so much easier to read in.th^^ 
shadows round the pan. Moreover, they novgr:’ ' 
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alter, whereas the other type become attacked by 
fumes which destiny the black markings in the 
etched lines. In this connection it is useful to note 
that an outside scale thermometer whose markings 
have become so faint as to be almost invisible may 
Ik? brought back to usefulness by rubbing n\ it h a 
cloth containing a little finely-powdered copper 
oxide, manganese dioxide or ehareoah which fills 
up tyie fine lines and makes these* and the figures 
visible* once more. In choosing a wor^s thermo-, 
meter for any particular autoclave attrition must, 
bo paid to the length, so as to have tin* scale just, 
nicely clear of the top of the thermometer pipe. 
Another even more important point is to see that 
the amount of immersion is reasonably near to that 
marked on the thermometer as corresponding to 
the graduations. With a large autoclave such as 
the one we are considering a ti to 7 feet ther- 
mometer will be suitable, and these are gencr njiy 
graduak*d for 4 to o feet immersion, which will 
represent the amount that will be actually 
immersed in the hot oil when working with a. full- 
sized batch. It is hardly necessary to note that 
the amount of oil in the thermometer pij>e should 
be such as to ill) it conveniently when the batch is 
p temperature — ordinary machine oil or high 
dboiling paraffin form a suitable medium for ensuring 
that the thermometer is registering a true and 
Curate measure of the tern i>erat lire of the batch. 

/ : (3 and 4) It was mentioned previously that the 
j&W&tion of providing an adequate safety valve 
tdr autoclaves was not easy of solution. Never- 
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theless it is essential to have some $ueh device, and 
although the ordinary steam safety valves are not 
very satisfactory for autoclave work, while a cap 
at the end of a blow-off pipe designed to rupture at 
a definite pressure limit Is somewhat crude, there 
are other neater and fairly effective devices in 
technical use. As this is more n problem of the 
high pressure works pan. it will he considered when 
dealing with that pirn* of plant. Again, although 
• many aut/H-luvcs are merely fitted with straight 
pipes of I inch bore leading direct to steeF-tubc 
pressure gauges, there are one or two refinements 
worthy of note, particularly relating to high pressure 
large-scale work on which a few comments should 
he made at. the siltin' time. 

(5) When one speaks of the “ blow-off ” pipe or 
valve in connection with works autoclaves, one 
does not refer to the ejection of the contents of the 
PUP, which o|>eration is more commonly described 
as “ blowing over the batch. ' The blow-off pipe 
leads from the cover to the outside of the shed and 
is, therefore, generally slop'd upwards at an angle 
of 00" with the horizontal, and passes out of the 
shed through the wall or roof. It is controlled bj 
a good gland valve, for leakage here is just os bad tu 
anywhere else. The function of this blow-off pi{£ 
is two-fold : 

(u) to give a means of releasing pressure it) 
an emergency, 

(6) to blow off steam or other vapour ati^j 
thereby greatly facilitate the cooling rate <A 
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the content# of the pan at the end of the 
# operation. Naturally this can only bo 
employed if the product is not \olatih* in 
steam or the vapour concerned. 

it was stated that this blow -off pipe was led out 
through the wall or roof, but if this wall is near a 
road or passage along which men are likely to pass 
the probability of condensed boiling water. Me., 
being dropped from the pipe must not he forgotten.. 
Ill such eases, it is wis^r to bring the blow-off pipe 
down again after leaving the shed and allow it to 3 
eject any liquids on to tlx* grountl or into a drain. 

(0) The pipe supplying compressed air service 
to the autoclave is in most eases a necessity, since 
it is usual to evacuate the pans at the end of 
the operation by “ blowing over.” The met bods 
whereby the contents of the pan are Mown by 
means of compressed air to the desired vat will 
be fully, considered when dealing with tlx* working 
of the plant. In any case, all autoclaves should 
have compressed-air service, as this forms a 
usual means of ventilation when the necessity for 
examination of tlx* interior comes along. 

The next items of constructional design to he 
considered are the agitator and agitator shaft. 
The latter "can lx* either a rod or a tu!>c of steel of 
approximately 3A inches or 4 inches diameter* 
tHc tubular shaft being the totter for many reasons. 
Not only does a hollow shaft ensure less risk of 
bending under a heavy load, but it imissckscs advan- 
tages connected with the working of the autoclaves 
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which will be more fully elaborated in due course. 
The shaft is generally thicker inside the pan ajid 
narrows in diameter before entering the stuffing- 
box at the top end, and the setting in which it 
rotates at the bottom. After leaving the stuffing- 
box the shaft passes through the steel super- 
structure and is keyed or screwed on to the large 
bevel cog -wheel which forms part of the gearing 
arrangement by means of which the agitator is 
driven. 

The diagrammatical illustration of the bevel cogs 
and fast-anddoo.se pulley for driving olT the 
shafting is sufficiently clear to need no further 
comment save that it is usual, and desirable, to 
have all rotating parts working on ball bearings. 
A ball-race will therefore be provided in that part 
of the steeP superstructure marked h { and 6 2 , 
Fig 15, in order to ensure smooth easy rotation of 
the large bevel cog-wheel. 

^\s has been stated, the agitator shaft terminates 
at its lower end in a setting or cup (( -Fig, 15). 
This is bolted on to the dish, care being taken, as 
usual, that the holes are not tapped through any 
further than is necessary to give a really good, firm 
connection, it is essential that the bottom cup^ 
the stuffing-box, and the hole through the upper 
part of the steel superstructure be absolutely in 
alignment so that the shaft tits tightly yet easily,, 
and that no strains are set up when it revolves. 
Points like this determine whether an autoclave 
is going to 1)0 a faithful servant or a constant source 
of worry to the man who works it, as strains and 
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vibrations invariably lead to leakages under 
pressure. t ♦ 

Coming to the question of the shape of the 
agitator, there can be no hard-and-fast rule laid 
down, but the design shown is one that will be 
useful for most chemical reactions. It should 6e 
noted how perfectly and closely the agitator is 
made to fit the shape of the pan— J inch clearance 
only' being provided between the blade and ..the 
vertical sid f e of the autoclave, body. The anchor 
agitator shown is supplemented somewhat by’ the 
pxtra short blades c/, , Fig. Jo, hut a still more 
massive inside “ gale ” might with advantage bo 
fitted for still mixtures, as shown in Fig. 18; the 
special shaped pieced of metal A , . ! (Fig. 15) are 
not usual, but were employed by the author for a 
special purpose, as will be explained later when 
dealing with the working of these pans. 

4 4 s the heating of autoc laves is a problem which 
presents little difference whether the pan is*of the 
low pressure works type (10 atmospheres) or high 
pressure works type (30 to 40 atmospheres), it is 
proposed to deal with the subject of the setting 
of autoclaves in brickwork or oil-bath as a chapter 
by itself. 

A short description of the higher pressure 
autoclave will now follow, after which the problems 
of heating and working the pans will lx? considered. 
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THE HIGH # PRESSURE WORKS AUTOCLAVE 

• • 

When considering this piece of plant it is 
recommended that the student refer hack to one 
or two earlier chapters of the hook. In the first 
place lie should refresh his memory as to the 
meaning of high pressure when used in connection 
with works plant together with the prohahle size 
of such autoclaves. • 

Secondly, there are two types of autoclave either 
of which possesses soiye characteristics «»f the pan 
about to he described, namely, the high pressure 
semi -large-scale* autoclave showfi in Fig. 1 1 and the 
large low pressure works pan which has been dealt 
with so fully in the preceding uhaptcr. 

This recapitulation is necessary as, owing to the 
inevitable resemblance between tin* tiigh pressure 
works autoclave and the two examples just cited; 
it would be very monotonous if an absolutely 
detailed description of this pan were set dovtn, 
while, on the other hand, then* are sufficient points 
of difference to make* some comment on this typo 
essential. 

Briefly, then, we expect a full-sized works auto- 
clave to have a capacity of at least 500 gallons, but 
a$ it has to withstand a higher pressure than the 
type shown in Fig. 15 it is probable that the 
capacity will be less than the 700 gallons quoted 
in the description of that pan. 

Such is generally the case, and 100 gallons may 
be taken os a fair size for a high pressure w r orktf 
autoclave. As regards pressure, we have seen that, 
103 
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although it is easy to obtain lalwratory apparatus 
to withstand many hundreds of atmospheres, evtn 
with $emi- large-scale plant of 20 gallons capacity 
and upwards a working pressure of 500 lb. to the 
square inch is considered high, and so a full-size 
works autoclave of 400 gallons capacity and work- 
ing pressure of 110 to 40 atmospheres may bo 
described justly as a high pressure* works pan. 

If is best to regard the semi- large-scale autoclave 
of Fig. 11 and the low pressure works autoclave of 
Fig. 15 ns t*he prototypes of the high pressure works 
^pan, and so, in order to avoid useless repetition, only 
a diagram and tho&c points of outstanding interest 
or difference will now he given. 

Let us t herefore study diagram Fig. 18, which is a 
sectional elevation of a typical works high pressure 
pan. In the^irst place*, since the question of heat- 
ing works pans, whet her high or low pressure, will be 
considered in a subsequent chapter, no method of 
firing has been shown. The space A represents 
where the coal or gas furnace for direct or oil-bath 
heating would Ik* situated. The general construc- 
tion of the autoclave is very similar to that shown 
in Fig. 15, but it is interesting to note that the 
“ dish ” or bottom which is riveted on to the main 
body at (or,, a 2 ) is loss shallow and may even be 
hemispherical in shape in order to better resist 
the higher pressures. Again, the overlap between 
the “ dish ” and the autoclave sides is greater, a 
double row of rivets being often employed. Gri 
examining the top part of the diagram it is again 
to be observed that there is a greater roundnesa of 
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design and less sharp curves nr angles. These aro 
small points, but they make for greater security 
and tighter joints under the higher pressures^ The 
cover of the autoclave, which is more dome-shaped 
than that of Fig. 15, is fastened to the body by 
means of the nuts and holts (b l% /> 2 ), the dotted lines 
showing the position of the great flanges of cover 
and IkmIv round which tins holts are placer! as 
closely together as is consistent with convenient 
working. It will he remembered that a half - 
register joint [sec* Fig # 10 (/;) I was perfectly satis 
factory for the low pressure pan, but where pressure! 
up to 40 atmospheres have to Irresisted there is nc 
doubt but that a full register joint made against i 
copper or haul ring is necessary. 'Phis is anothe 
point of di (Terence between Figs. 15 and IS. Th 
flange ((\< ( V) shown in the diagram i?f not essential, 
but merely a method of supporting the autoclave 
and renders access to the holts (/>,, !>.,) easy. 

It i# seen tliat the agitator shaft is held in flic 
pocket (d) as usual and passes up to the top of the 
pan, where it terminates in a safety collar similar to 
the design of that in the serni-largc scale autoclave 
(Fig. II). The tendency of the agitator shaft to 
rise when under pressure is naturally greater in 
these large pans when working at 40 atmospheres, 
and in th& connection it is interesting to note that 
ttot only is the safety collar fitted at (e) (Fig. 18), 
but that the arrangement of the gearing is different 
from that of the low pressure pan. The effect of a 
slight rising in the shaft of the low pressure pan 
i^roidd be to grind the two bevel geared wheels 
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together. Whereas in the high pressure pan, even 
if the safety collar were not fitted or worked loo©©, 
a lifting of the shaft would only react on the top of 
the superstructure (fi) or would slightly loosen the 
contact of the hovel wheels. 

The stuffing-box (/) is of similar design to that 
of the low pressure pan, save that it should l>e 
larger and could with advantage he water-cooled. 

As regards the agitator, this is hardly a feature 
of the autoclave, hut rat her of the type of operation 
to he carried out in it : thc 0 one shown in Fig. 18 
is a line all-round system, being a combination of a 

• , * n 

close-fitting ancliof to scrape, the sides and a 
“gate*’ to mix the middle portions of a thick 
hatch. « 

No pipe fittings arc nhown in the diagram, but 
the usual seAiees described for the low procure 
pan should he provided. 

There is a tendency in recent models to substitute 
pyrometers for the thermometer and pipe, and if of 
reliable design this form of temperature measure- 
ment has naturally many advantages. For on© 
thing, a number of pyrometers can be fitted which 
will show if the agitation is causing a truly uniform 
mixing of the contents, while, for another, automatic 
registration of temperature can be effected in the 
chemist’s office during night, shifts which enable 
him to know without possibility of error if batch©© 
have been kept to correct temperature for 
specified length of time. 

Still, with trustworthy foremen and good ther* 
mometers there is very little to be said against th© 
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older method of temjKTat ure registration by a 
thermometer in a thermometer pipe. 

When dealing with the low pressure autyelavc 
it was stated that, although the ordinary type, of 



Flo. JO.- Siif<*t.y Pressure l>evi«-e. 

safety valve was unsatisfactory owing to the likeli- 
hood of it sticking or getting made up with sub- 
limed or distilled solid material, there were some 
fairly satisfactory safety devices to enable a blow- 
oH of pressure to occur at a desired limit. Perhajis 
the*most reliable is that shown in Fig. 19. This 
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consists in loading a pipe of fairly wide bore, 
certainly not less than 1 inch, from the cover which 
terminates in a flange joint made as usual with nuts 
and bolts, the pipe continuing a short distance — 

say to a drain after the flange joint. Between 

the two flanges of the joint, besides the necessary 
washer for withstanding pressure, there is a flat 
plate of metal which is tested to burst at any 
desired pressure. The result of an excessive 
pressure wyuld Ik* the rupturing of this plate and a 
subsequent escape of the st-wm or gas. Of course 
•some of the hatch would probably froth up and be 
lost, but that can hardly he avoided unless a 
special trap chamber were provided into which 
the pipe would Icatf instead of into the drain. A 
second point greater interest with high than with 
low pressure jams is the problem of the manometer, 
or pressure gauge, as it is often called. For 
ordinary work there is no doubt that a good wide 
tube looped in a complete circle and leading to a 
steel tube pressure gauge is perfectly satisfactory, 
but there is a device specially designed for those 
eases where distillation or foaming causes blocking 
of the leading pipe or the steel tube of the gauge 
and consequent breakdown of the ordinary method 
of pressure registration. Fig. 20 shows this 
arrangement in sectional elevation. It needs very 
little explanation except to point out that the effect-' 
of pressure in the pan will he to force some of ther 
liquid mixture up the pipe (ti), thereby compressing 
the air in this pipe and forcing the oil of the oil seal 
round the loop (b). This will compress the&idjjp 
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again in that section of the tube nearest the gauge 
(*), and db exert a pressure of elean air on the gauge 
equal to the pressure in the pan itself, Ihilcss 
there are leaks the contents of the pan can never 
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• t ration l)<-vi«e. 


get past the oil seal nor can the oil itself bo driven 
Up into the gauge, as in each ease there is this 
elastic air cushion acting, so to sjRMik, as a buffer. 

21 contains nothing new, it merely shows 
bow these last two devices can be arranged neatly 
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in order to use only one hole through the autoclave 
cover. The safety valve (/'!)<> can consist of the 
arrangement shown in Fig. 19 or any other type 



Km. 21. —Safety Pronsuro I.H>v»re and Special 
Manometer I'oimeetion. 

considered to be suitable for particular require- 
ments. It should l>o noted that there is one 
objection to this particular combined fitting of 
manometer and safety valve, for in the event of 
the safety valve blowing, the contents of the auto* 
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clave will be driven by the pressure through the 
ruptured plate and down the pipe to the drain or 
trap, which will present the chemist with the 
unpleasant problem of getting a partially reacted 
and possibly solidified batch back again into the 
autoclave for the completion of the reaction ! 
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TIJH HEATING OF WORKS AUTOCLAVES 

• 

In discussing the healing of laboratory nr semi- 
large-scale plant it was seen that there was very 
little to he said against oil-bath heating and much 
to be said in its favour. Tn certain eases, it is 
true, it was stated that oil-bath working was 
unnecessary and that gas firing, for example, with 
proper battles to prevent burning was all that could 
lie desired. Still, this was hardly a criticism of 
the oil-bath, but merely the expression of opinion 
that an alternate' method of heating would meet a 
particular ease. The problem of heating of works 
autoclaves is, however, a very different proposition, 
for there are factors operating here which do not 
come into play with othci'than real jnanufacturing 
conditions. 

* In the first place, the type of work done in works 
autoclaves is so different. Instead of a series of 
isolatM batches carried out on a very small or 
moderately large scale mainly, if not solely, for 
experimental purposes, we are faced with the 
[jroblem of routine manufacture in which it is 
iesirahlc to get as much out of any plant in a given 
time as is possible. Then, again, the beating of 
laboratory or even semi-large-scale autoclaves of 
the smaller sizes by means of coal or coke fires is 
oat of the question, as it would be impossible to 
regulate or control such tiny furnaces, whereas 
the coal or coke furnace is probably the most 
economical and general method of actually firing 
pans. 
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If an oil-bath is employed it masters very little 
whether it is heated by fire or ,by gas burned fof , 
after vll, it is the hot oil which really heats the 
autoclave. So to systematise this subject as much 
as possible we will consider the following three 
methods of heating in turn, pointing out the 
advantages or disadvantages of each and drawing 
conclusions therefrom : 

(1) Heating by oil-bath. 

(2) Heating by direct heat from coal or 

coke tire. * 

(d) Heating by direct beat from gas burner, 

(1) As the name implies, this means that the 
autoclave is partially immersed in a bath of oil 
generally to within (1 inches of the cover flange so 
that the level of the oil is a little above the lovel of 
the charge. The type of oil chosen depends on 
they temperatures required, but a good thick black 
oil of coal tar or petroleum residuum origin is 
generally employed. The oil must possess certain 
characteristics. It must have as high a flash- 
point as possible - certainly well above theiempera- 
turo to which it is required to he heated in order to 
give the desired inside temperature to the charge.' 
In this connection it must be remembered that 
there may be a 4 ’ lag ” or difference in temperature 
between oil- bath and charge due to losses by 
radiation of as much as 40° C., so that if an inside 
temperature of 180° C. is required the oil should 
certainly not 4 4 flash 5 ’ below 250° C. This presents, 
however, very little difficulty, since satisfactory 
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oils can be obtained which do not flash till well 
dbovfe tire zone of piost autoclave work. Another 
important property of an oil-lmth oil is that it 
must be not easily “ cracked,” i.t*., decomposed 
when maintained at these high temperatures for 
long periods. It must resist oxidation and its 
viscosity and general physical properties must 
be unchang(*d after many rises and falls in 
temperature. 

Of ‘course, one cannot expect perfection and no 
oil can he used indefinitely, but as the emptying 
and rciillin^of an oil-bath is a messy and tediou^ 
business, this operation should not he necessary 
more than two or three times a year. 

As regards the heating of the nil-hat It there is 
little to require explanation. Whether heated by 
gas burners or fire, it should he done in such a way 
as to avoid hurtling the oil at tin* bottom and sides 
of the bath. After all. oil is an organic Mihstajice 
and must not he treated too roughly as regards 
heating. The chemist who never forces his baths, 
but nurses them carefully to the desired tempera- 
ture, reaps the benefit in having much longer runs 
between dismantling and much less labour in 
cleaning up baths and autoclaves before restocking. 

The onr groat virtue of oil-bath heating in which 
tespect it is superior to all other forms is, of course, 
that the charge receives uniformity of heating and 
that the possibility of local burning is reduced 
to a miminum, if not entirely obviated. With the 
thickest mixtures, given reasonable agitation under 
ttlia system of heating, the autoclave charge is at 
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a uniform temperature throughout even during 
heating up and cooling down. A # further advantage 
is that. the use of an oil- bath will probably prolong 
the life of an autoclave, although whether the 
capital value thus gained compensates for the other 
costs associated with oil-bath work is a debatable 
question. Having stated these points, one has 
practically exhausted the list of advantages of 
oibbiUh heating over the best forms of direct 
tiring. There are, too, some disadvantages' con* 
needed with the use of oibhaths for large-scale 

E ork which do not operate in laboratory or semi- 
irge-scale. 

The greatest of these drawbacks is the very 
considerable length *of time inevitably taken in 
raising an autoclave to ft desired temperature by 
means of an * oil-bath, as compared with direct 
tiring, and the corresponding length of time taken 
by the charge in cooling when the containing 
vessel is oil-jacketed. It may not always be 
possible to empty an autoclave immediately the 
reaction is over — perhaps the temperature and 
pressure are too high- which will necessitate the 
cooling down of the charge by, say, 50° 0. 

With a direct tired pan this would take, perhaps, 
three hours, hut treble this time with an autoclave 
standing in a bath of heated oil. This disadvantage 
operates in two ways, and is more serious than 
appears at first sight. In the first place, it restricts * 
the output of the plant so that a pan capable of 
making, say, live batches a week if direct fired, can 
only turn out three if oil-bath heated. In the 
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second place, this greater period of time taken in 
heating Hp ancf cooking down is a serious departure 
from the conditions of any recipe which wa^in the 
first place worked out in a laboratory where the 
times of heating and cooling were very short. The 
use of oil-baths means often considerable modifica- 
tions in recipe times and frequently means that 
recipes involving only short, times can hardly be 
successfully imitated at all. As plant is nearly 
always ' used for routine production^ the first 
objection is a serious. one, which may mean that 
much greater capital must lx* sunk in plant for 
given monthly output, when *oi! bath beating is 
used instead of direct firing. 

Without wishing to lay dow^i any hard and fast 
rule it is perhaps fair to state the ease thus : 

Where large output to the limit* of a plant’s 
capacity is not essential and where flu* substances 
involved are damaged if heated to temperatures 
outside rigid limits, and where tin* recipe is capable 
of much latitude as regards the length of beating, 
then oil-bath heating is clearly indicated. It is 
again desirable in works w hen* plant- depreciation 
must be reduced to its lowest possible state regard - 
less of loas of output. 

In most cases of routine manufacture, however, 
it is probable that the l>est forms of direct bring 
if carried out under experienced guidance possess 
advantages over the oil -bath method which exceed 
their drawbacks. 

. <2) It is not proposed to complicate the subject 
by going into details of the relative advantages of 
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coal or coke firing over gas firing in direct heated 
pans. Generally speaking, so much depends on tho 
facilities available, but it is, a fairly safe generalisa- 
tion to say that of late years gas-heating appliances 
have improved so wonderfully that they are 
encroaching into fields at one time held entirely 
by King Goal. Still, most chemists or engineers 
faced with the problem of heating an autoclave 
will have to employ the eon I or coke fin?. 

. At first glance the problem might seem to consist 
of nothing more complicated than the building" of 
brickwork support for the autoclave and the 
provision of a fire-box beneath it. If that were 
done?, however, there would be*, it is to be feared, 
many charm! hatches in that autoclave and the 
log-book would show strangely variable yields from 
day to day ! € 

Gut as a general statement the problem of cor- 
rectly and safely tiring an autoclave by direct heat 
is solved by the provision of the following : • 

(1) A brickwork support for the autoclave, 
the top of which forms the staging which is 
on a level with the cover and manhole. 

(2) A fin* -box, well in front of the autoclave, 
with a firebrick arched roof leading to the 
space under and round the autoclave'. 

(3) Suitable “ baffles ” whose function is to 
block out too fierce heat rays and flames arid 
to direct the hot gases into a definite path so 
that the whole of the autoclave is uniformly 
heated in a “ hot air bath.” 
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(4) Fire-box door and dampen; ko that the 
heading can be regulated to a wonderful 
degree of accuracy. 



Brickwork indicated thus WM, 


Flo,. 22. — Arrangement for Direct Firing of mt AuJnclavo. 

, A very general arrangement for direct firing of 
An autoclave is shown in Figs. 22, 23 and 24. It 
has been necessary to give these three sectional 
Views in order to show all essential parts of the 
setting, and a study of these diagrams in detail is 
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recommended. They represent, as has been stated, 
a general arrangement and one that works fairly 
satisfactorily for the firing of an autoclave con- 
taining a mobile mixture which is well agitated. 
The method of circulating the hot gases and con- 



Fiu. 23. - Arrangement for Direct. Firing of an Autoclave. 


sequent heating of the sides of the pan is good, and 
although this setting ]x>ssesscs one grave defect, 
this can l>o obviated by an addition rather than by 
complete reconstruction so that the design deserves 
description as it stands, especially as it is an 
arrangement in very common use. In order to 
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fully understand the design let us consider Figs. 
22 and 23 together. The former is a sectional 
side elevation and the latter a sectional p^m as 
seen from above. 

The autoclave rests on a two-course brickwork 



FiO. 24.-~jArrimgo incut fur 1 lin'd Firing of mi Autoclave. 


wall which starts at one side of the fire-box tunnel 
(JfyFig. 23) and passes round to the other side ( Y) 
as an unbroken circle save for a gap about IS inches 
lusross (Z). This wall is about 3 feet high. Some 
farther support could be given by allowing the 
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flange of the autoclave to rest in places on brick- 
work supports at the top, but that might make it 
diflicpH to get at the cover bolts and is unnecessary 
even with large pans. Turning to Fig. 22, wo see 
that the fire-box (/I), which will he about 2 feet 
in length, IS inches across and a little more in 
height, terminates in a short wall (B) and leads 
over this info the circular spaee beneath the 
paii {(■). The? heat and flames from the fire^pass 
..over the wall (B) into the space underneath the 
pan, and from thenee through the gap (Z y Fig.* 23) 
# into the outer circular space (M) (Fig. 23). This 
space is also marked (J/) for the sake of clearness 
in Fig. 22. The hot gases circulate all round the 
sides of the pan, fol the only outlet to the flue lies 
over a battle wall (A r ) (Fig. 23), which is also about 
3 feet in height and serves to prevent too rapid 
suction into the flue and consequent cooling of the 
side of the pan near ( ) r ). Having therefore had 
fr<5e access under and round the pan the hot gasses 
are allowed to escape into a flue 9 inches square, 
through a small hole and pass down this bofore 
being finally led into a suitable chimney. Fig. 24 
shows the front sectional elevation, and a study of 
the three diagrams taken together with the above 
explanation should make this rather, intricate 
matter clear. 

Without being too specific it has been thought 
advisable to indicate the relative sizes of various 
parts of this setting by giving a few dimensions 
both in the text and in the diagrams, and these 
can be taken as roughly suitable for a large works 
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autoclave of seven or eight hundred gallons 
capacity. • 

Such a setting could he used for heating oil- 
baths if it was decided to place the autoclave in 
one, although it would hardly he necessary to 
baffle the gases quite so thoroughly in that ease. 

Tt has been stated that this arrangement pos- 



FlO. 25.- -Showing “ liallfi**' ln*f\o , »»ri Kindmx and 
A ut urliva. 


sesses one grave defect, and doubtless the* discerning 
reader will have detected it. Of course it is that 
theflaraes'will be drawn by the draught right into 
the open space beneath the pan and will impinge 
im the bottom, thereby causing burning of the 
charge and deterioration of the plant. The author 
Exgs actually seen the bottom of an autoclave bright 
ted hoi through too rapid firing in such a setting. 
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This defect, enormous as it seems, can be overcome 
by a very simple device. This consists in building 
up t)Lio wall (B) (Fig. 22) until it reaches the roof 
of the arch beyond the fire-box, not, of course, as 
a complete wall, which would cut olf all heat from 
the pan, but as a battle of pigeon-holes.” This is 
shown in Figs. 25 and 2b, which are side sectional 
elevations and front elevation res | actively. The 


r \j ' \ Body of autoclave 


Km. Ct». - Showing " IhifHo " helwi'on Fire-box and 
Auf-nHiive. 

effect of the erection of this battle is remarkable, as 
with a good draught it does not damp down the 
tire, but entirely prevents the actual flamesentering 
thc^ space beneath the autoclave, which is to all 
intents and purposes heated by a hot air-bath. 
Such a modified setting, properly and skilfully 
worked, is an almost ideal method of firing pans 
intended for hard routine use, and one which allows 
the maximum output to be obtained from the plants 
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Once the autoclave has been raised to the desired 
temperature if* is surprising how small a fire will 
keep it steady, a Mulled workman being i^blo to 
regulate the temperature of the charge to within 
a degree or two by a combination of intelligent 



FlO. 27. — Seciionul KU*v»*ti**n <»f a Selling t*» « <Jas- 
hoatwl Autorlnw*. 


stoking and adjustment of the fine damper and 
furnace door. 

(3) In conclusion, a few words must be said about 
gas-heated autoclaves. Even large pans of four 
Or five hundred gallons capacity can now lie 
heated by gas. It is usual to have the burners 
some little distance underneath the pan, heating 


128 Autoclaves and High Pressure Work 

up being started by a small flame in order to avoid 
burning. Gas heating can be regulated- so finely 
that the same elaborate system of baffles is not 
required as is the case with coal fires, the simple 
expedient of running a baffle plate three-quarters 
of the circumference of the autoclave to force the 
heated air to encircle the body of the pan being 
sullieient. Although much of the regulation is 
done by means of the gas supply taps, it is advisable 
.to have a damper in the fine as well, # aml this 
enables one to keep the wltyrir of the space round 
the autoclave full of hot gases, which slowly circu- 
late against the bailie and over it along the upper 
part of the pan to the flue. 

Fig. 27 shows a wimple setting to a gas-heated 
autoclave in sectional elevation. 
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CHAPTER VIII 


THIS WORKING OF LARGE-SCALE AUTOCLAVES 

When consider?! \g the use of laboratory auto- 
claves a few typical examples of reactions best 
carrie<l out in such apparatus were given. It is 
not, therefore, proposed to go into the chemical 
side of working plant, as this must necessarily 
he similar to that already eonsidensl, hut rather 
to pay attention to those details .of plant flsago 
in * which large and even semi -large -scale worjc 
differs from the procedure of the labnnPtory. 

A chemist who knows perfectly how to carry out 
a certain o[H*ration at his hefteh will meet with 
all manner of teehnieal troubles when fared with 
the problem of manufaeturyig from that same 
specification on a large *»ealc, so that it is the 
object of this chapter to anticipate some extent 
these troubles and to show how they can be met 
and overcome. 

The best method of so doing is to imagine Sur- 
selves iu charge of an autoclave engaged in the 
manufacture of any of those important hydroxy - 
or amino-hydroxy-deriv.it i\(‘s of naphthalene which 
are prepares! by the fusion of a sulphonic acid 
with caustic soda. Such an operation will probably 
* be carried out in tin* large low pressure agitator 
pan previously described, or, if the temperature of 
luaion were very high and the concentration of 
Caustic soda low, whereby great pressures would be 
generated, in the rather smaller autoclave working 
Up to 30 atmospheres. By far the most likely 
preseures would, however, be in the region of 
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7 or 8 atmospheres, so that the low pressure pan 
could be employed. . # 

Before coming to the actual hicchanical side of 
the subject a few words on the question of batch 
control tests would not be out of place. In order 
to get the best results from his plant the works 
chemist should keep a very complete record of all 
conditions in his log-book. The size of the batch 
should be the largest that, the plant will safely 
take, remembering that no autoclave should be 
' Jilted to more than 80% of its total capacity, in 
order to allow for expansion of the liquid contents 
under heating. ' * 

In the laboratory the chemist has probably* used 
a pure *dry powdered sulphonic acid to melt, 
whereas in the works he 7 nay he delivered a paste 
containing not! only water, but possibly also free 
mineral acid. In his calculation for the amount 
of caustic to give the required concentration he 
must, therefore, make allowance for the following : 

(1) Caustic used in neutralising the free 
mineral acid (if any). 

(2) Caustic used in neutralising any acid 
groups in the molecule of the starting material. 

(3) The water formed by any such neutralisa- 
tions. 

(4) The water actually present in the paste 
of the starting material. 

Having made any such allowances that the 
particular case may render necessary, he finally 
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arrive# at a figure for the caustic to \yo used and the 
extra wdter to tie juided. 

Even if the process is a very steady regular one* 
a goes! control chemist will arrange to tak<; samples 
at convenient stages for working up in the laboratory 
in order to get some approximation of yields. 
By this means if any stage of the process* is not 
working properly if the plant is leaking in any 
way — that defer live stage will be shown up by the 
figures of the control tests and ran l^e put right 
before any great financial loss has occurred. When- 
ever it is jRissiblc to keep individual batches separate 
this should be done, and the log-hook should always 
show the yields of each hatch throughout the week, 
month, or year. The author # onee had occasion to 
investigate a mysterious toss of yie|d in a process 
which up to that time had worked [lerfeetly 
satisfactorily. Such a system of yield estimations 
by samples taken at each stage in the process 
show&l the leakage to occur between a certain 
vat and filter-press, and it was found that a small 
hole had develop'd in the storage l toiler sunk in 
the ground into which the suspension of the material 
was run before blowing it by compressed air through 
the filter-press. The effect of the coin pressed air 
was to Mow a certain amount through this hole 
into the ground at each operation of filtration. 
This example shows how necessary routine tests 
are in order to discover defects before great loss 
haa occurred. 

To return to the manufacture of our hydro xy- 
derivative, let us suppose that the size of the batch 
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lias been fixed and all calculations have been made. 

6 * 

The first problem is, therefore, to weigh out*so much 
eaustie«soda and to melt it with tiie required amount 
of water 4 The caustic soda may be in the form of 
rock, delivered in thin sheet-iron drums, or in 
the form of powder or flake. If it is rock caustic 
then the drums must bo split open by sledgo 
hammer and the solid mass broken up to lumps not 
bigger than small loaves of bread. The powder 
or* flake caustic can naturally be charged into the 
water just as it is. , ** * 

Caustic soda, is a dangerous substance to handle, 
and it is the duty of the chemist to see that Ills 
men are educated to this danger and protected 
adequately, even if, hi their ignorance, they object 
to the precautions. In* any operation involving 
the throwing about of caustic by shovel or the 
breaking of roek caustic by hammer, comfortably 
fitting goggles should be worn by the men con- 
cerned. Strange as it may seem at first thought, 
workmen often prefer to use roek caustic, although 
it involves the huge labour of breaking up, to the 
powder or flake form, the reason being that the 
shovelling of powdered caustic causes so much dust 
to get into the air, which leads to intolerable 
itching of the eyes, nose and skin. Perhaps the 
best form of all is a good dry flake which ‘does not 
contain much dust. 

If no liner is used in the autoclave it is essential 
that tin operation of melting the caustic with the 
requisite water be carried out in a separate p&n, / 
not in the autoclave. The fusion of lumps of rock 
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caustic or even any form of caustic with a small 
quantity of w&ter should never l>e earrid out in a 
steel vessel, as it .‘Attacks that material mtieh more 
readily than it docs east iron. If the sulphoniu 
acid paste contains much water, then the eon* 
central ion of caustic in the extra water with which 
it is fuses! prior to charging the paste -will he very 
high — iwuhaps 70°*,- and sueh a hot fusion will 
play havoc with a riveted steel autoclave. Jf this 
operation is, however, done in a cast-iron pan ai\d 
thedusion blown over yitn the autocla velmmediately 
prior to the charging of the pash*, then very little 
harm is clone. The Mow ing rtver of such a fusion 
does Tint- sound a nice job, hut if reasonable rare 
is taken in making joints, aiuUmcn are instructed to 
tk stand clear *' when the actual blowing is started, 
no harm need result. 

In order to save time a small tire should lie 
started in the furnace of the autoc lave before*, the 
fused caustic is blown into it, as hv so doing 'the 
brickwork is heated up and the pun itself made 
just reasonably warm. A little experience will 
soon show how much to heat the autoclave, the 
object being to prevent the sudden chilling causing 
the fused caustic to solidify on coming into the 
pan. # 

As sefon as the caustic is in the autoclave the 
agitator is set in motion and charging of the 
aulphonic acid is commenced. This operation in 
carried out as rapidly as possible, care being taken 
to regulate the rate of charging and the firing up so 
ae to have a steadily rising temperature throughout. 
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If the sulphonic acid is in the form of a paste 
containing free mineral acid, or if it contains a 
number of free sulphonic acid groups, then the 
heat of neutralisation is considerable and helps 
to compensate for the cooling effect of the mass of 
material added. 

Naturally it is impossible to fix details too 
specifically, but for most operations of this nature 
a large batch of three or four pound molecules ” 
could l>e charged in from four to six hours, ami the 
temperature at the end should be from 120? *to 
130° (\ (-an* must bo taken in charging some 

pastes to avoid adding in such sized lumps or so 
rapidly as to prevent the rotation of the agitator. 
This is known by th« workmen as scotching the 
pan/’ and the problem of persuading the agitator 
to start again in a badly “ scotched M pan is not as 
humorous as the name given to the disorder. 
It sometimes means hours of patient leverage with 
a long bar shaped to a blade like a cold chisel, with 
which the bevel cogs are turned little by little. 
When the agitator has thus been turned back, say, 
half a revolution, the belt is slipped gently on to 
the fast or driving pulley ahd by vigorous slapping 
on of the belt one endeavours to persuade the 
agitator to run round through the obstruction and 
so start rotating smoothly once more. 

Some rough treatment may be needed to cure a 
bad “ scotch/’ but too much vigour may lead to 
stripped teeth on the gear wheels, or bent and 
broken agitator blades. 

There never was an operation to which the motto 
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** more haste, less speed,” was better applicable 
tjian that of charging an autoclave with lumps of 
heavy hydraulicalty pressed cakes of sulphonic 
acids, but once again it is wonderful to dbserve 
the degree of skill which can be acquired by a 
really experienced workman. 

As soon as the batch is charged no Jimo should 
bo lost in sealing up. This involves the fitting of 
the manhole lid, for it lias been through the man- 
hole, of course, that the charge has been added, 

TJi® manhole lid in large pans is a fairly massivfc 
article weighing a hiuulred weight or so, and the 
operation of fitting it requires j«st a little 44 knack, 
It is -usual first to fit the wide flat bluckleadcd 
asbestos ring in its special groove* on the top side 
of the lid, and then, by means of chains looped 
through the ring in the lid (see Fig. 47) and stayed 
over any convenient piping, to lower the lid until 
it hangs just over the manhole itself. Otic man. 
will now take the strain on the chains, while «his 
mate, by turning the heavy lid edgeways and side- 
ways, will slip it through the hole. Once inside the 
pan it is adjusted to the correct position and then 
guided upwards until the ad>estos ring is felt to he 
pressing evenly against the rim designed for the 
purpose. All this time the weight is being borne 
by the ch*&ins, but now one can slip one of the bars 
through the rods of the lid and spin the great 
hexagonal nut down to take the st rain . 'Hie chains 
are removed, the second bar and nut fitted and the 
prooem of tightening up is proceeded with. The 
nuts are usually screwed up with box keys or 
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spanners, tightening by means of a long lever bar 
being preferable to hammering Up. The ther- 
mometer is now, and only nod \ placed in its oil 
pipo to avoid previous risk of breakage and all is 
ready to' lire up to temperature. It is a good plan 
to educate the men to make* a practice of clearing 
away all rubbish — old casks, papers, etc. — and to 
sweep the cover of the pan and the staging before 
tiring up, as a peat, tidy staging helps to suggest 
that atmosphere of accuracy which is so necessary 
in autoclave work. N . 

A chart should always be provided on which entries 
Allowing time, teinpwature (both of the charge and 
oil bath if the latter is employed), pressure; and 
general observations* should bo made every half- 
hour. Apart from the men required for charging, 
one skilled bawd can look after a number of auto- 
claves as they arc coming up to temperature, 
especially if he has a stoker to lire up under his 
direction. This skilled hand will attend to the 
charts and watch ceaselessly for leaks developing 
in glands, manhole lid joints, cover joints or taps. 
He will also see that the oil cups on the bearings 
are working properly, for no one who knows how 
to get the best out of machinery will allow it to 
squeak or groan eomplaiiungly without investi- 
gating the cause and, if possible, supplying tiw 
remedy. 

The time that it is necessary for the batch to b€ 
kept on temperature and, for that matter, the 
temperature itself, depends oil the particular 
reaction which is being carried out. In the caw 
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of caustic fusions of naphthalene sul phonic acids 
yo can, however, take from two to twelve hours os 
a reasonable rangtf. At the end of the specified 
time it will be the object of the chemist to get the 
temperature lowered as quickly as jmssiblo* There 
arc two main reasons for this. In the first place it 
is not generally advisable to keep the reacting 
bodies “ on temperature ” or near that temperature 
any longer than necessary, as the recipe has lieen 
worked "nut carefully to fix the time at which thp 
l>eat yields or purest products are obtiflned. Pos- 
sibly longer time after a reasonable latitude will 
cause over-melting or the substitution of a seeoiuf 
hydrrixy -group for a sulphonie acid one, or, )>er- 
haps, it may cause darkening +»f the product. One 
should remember that ;u laboratory working is 
always carried out in a shorter tirm # than a works 
one of the same recipe, so in order to keep as 
faithfully as he can to laboratory rcci|>e conditions 
a wor-ks chemist must avoid unnecessary loss of 
time. The second reason for speed in lowering the 
temperature of the hatch is an economic one. As 
will Ixi seen, it is usual to empty the autoclave by 
blowing over the contents through a pipe lilted 
in a light manhole lid which is substituted for the 
heavy one. This means that the pan must be 
opened, And in order to do so all pressure must be 
released. Even in t hose pans fitted with j>ermanent 
blow-over pipes it is not desirable to blow over 
strong caustic fusions at very high temperatures 
and pressures, so that some cooling and release of 
pressure will be necessary in any case before the 
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pan can be evacuated. That was why this reason 
was described as an economic one, for an autoclave 
represents capital, and the longer it is occupied on 
one batch the less will be the monthly output from 
that capital. 

The usual procedure with caustic fusions and 
many other autoclave operations is to draw the 
fire on completion of the reaction time and to open 
fully the tire-box door and flue, while the blow-off 
valve is cautiously released too. Naturally if the 
product is Volatile in steam this latter course cannot 
be adopted, but wherever possible it should be 
fione, for the rapid boiling off of some of the water 
has a marked effect on the cooling rate of the 
batch. , 

The degree to which this treatment can be pushed 
ami the temperature to which the batch is cooled, 
are factors which only experience in any particular 
recipe can lix, but as a general working rule one 
carf say that caustic fusions can be safely and 
conveniently blown over at 120° C., and that any 
pan should be opened as soon as there is no residual 
pressure. The blow-off pijM) does away with any 
trouble caused by residual pressure due to gases 
formed by decomposition, but to avoid the possi- 
bility of accidents the following procedure should 
be adopted in owning a large works autoclave. 
As soon as the blow-off pipe ceases to show emission 
of gas or steam and the needle of the gauge is 
at zero (which is best seen by striking the gauge 
a smart blow with the palm of the hand, when the 
needle should “click” against the pin near the 
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zero mark), then the hexagonal nuts on the rods 
of the manhole lid.should he loosened with a long- 
handled spanner — say a No. 6 or 7 adjustable. The 
heavy lid will probably remain stuck against the 
asbestos ring, but a smart tap with a long bar will 
cause it to ease, and once steam is seen escaping 
the chains can be fixed and the lid removed by 
exactly the reverse process to that described in 
fitting jjjb. 

# A very common method of loosening the man- 
hole lid, and one •which, although it sounds 
dangerous, is probably perfectly safe in practice 
is as follows. As soon as the charge hand sees that 
only a few pounds per square inch pressure is 
shown on the gauge, and \fhilo the blowing off 
still continues, lie loosens the nuts of the manhole 
lid a considerable amount. This lias no effect, 
for the remaining internal pressure holds up the lid 
against the manhole. The charge hand hysies 
himself with other jobs, knowing that as soon as 
the pressure is released a characteristic crash will 
tell him that the lid has “ dropped, *' has slid 
down the reals just as far as he loosened the nuts. 
He then can attend to the removal of the lid and 
subsequent operations. 

Once .the heavy lid lias been removed a light 
“ blowing-over ” lid is fitted- It is exactly similar 
in design and general construction to the heavy one, 
Only much lighter, as it has only a few pounds per 
j£)[ti&re inch of air pressure to withstand. In the 
centre of this lid is a round hole for the blow-over 
pipe, which fits down to a flange on the pipe, an 
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air-tight joint being made with fyiiall nuts and 
holts against a flange ring of rqbber, eompositiorf, 
or aslwstos. The blow-over pipe is shaped to go 
to as ne^r tin* bottom of the pan as possible, and 
terminates at the top in a union joint which is 
made on to the permanent pipe lines in the sited, 
in a well-designed shed the pipe lines will be such 
as to give the chemist a considerable variety of 
vats into which* he ean blow his batches, and also 
some form pf emergency receptacle into which he 
* can put a batch as a last resort in ease of complete 
breakdown of vats or pipe lines. When one 
remembers that the value of a hatch may bo 
several hundred pounds, & little thought and 
expense 'in planning* for emergencies are not out 
of place. As an example of emergency receptacles 
one may quote boilers sunk in concrete pits and 
floored over. These are not expensive, are out of 
the .way, and come in very useful as storage tanks 
for liquors and as temporary resting-places for 
batches waiting their turn if the plant is working at 
full capacity and the inevitable breakdowns occur. 

To return to the blowing over of our autoclave 
contents. Having fitted the light lid, made good 
the blow-over pipe, and connected up to the 
permanent piping, then there is a golden rule that 
every chemist or foreman, no matter how experi- 
enced, should invariably follow. It is this; 
Make sure that only those valves are open which lend 
to the desired destination of your batch . 

In a complicated tangle of piping it is surprising 
how easy it is to omit to close one of many paths. 
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Che author has known of very many cases — some 
mraorous, soifte tragic — where hatches have been 
down over into tlfe most unlikely places, much to 
the surprise of the ** blower ” and u receiver,” 
through the neglect of attention to that golflen mle ! 

Again, then, let it be repeated -follow your pipe 
line from the autoclave to the vat, or. to wherever 
bo the destination of the batch, and sec that all 
valves are closer! save those required to direct 
the route. Then all taps on the pan should l>o 
watched, and finally^ when everything is known to. 
be right, give a warning shout to the men at tho 
“ Veceiving ” end and turn 01P the compressed ai£ 

There is some romance even in the life of a 
works chemist if one cares to fc>ok for it, and jierhttps 
of all moments the one that gives the greatest 
feeling of pride is when one sets one’s “ first 
batch ** passing smoothly and without hitch in a 
great stream full bore through 3 inch pipes, 
splashing triumphantly from the autoclave* into 
the vat on the staging above. 

It has been shown that considerable time must 
elapse between the completion of the reaction and 
the blowing over caused by the slow rate of cooling 
of the autoclave contents. This is particularly so 
in those cases where it is impossible to blow off 
steam by reason of the volatility of the product in 
that vapour, and most particularly so in oil*bath 
heated autoclaves used for such operations. In 
ciuses like these one may have to allow as much as 
twelve hours before blowing over can be carried 
out* Naturally such a disadvantage calls for 
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investigation in order to see whether a means of 
saving this valuable time can be demised. * . 

The greatest loss of time is rinsed by having to 
wait until all pressure has disappeared in order to 
change the manhole lids and lit the blow-over pipe, 
ami it is in order to do away with this part of the 
process that autoclaves have been designed with 
blow-over pipes fitted permanently. Although 
in some eases they 'may work satisfactorily, yet 
oil the whole this design lias not been favourably 
.received by* most chemists. One great objection 
is that these fixed blow-over pipes are very apt to 
ffet silted up with scJiid matter and so to refuse *to 

work at the desired time, while another drawback 

* 

is the additional livelihood of leakage during 
heating. 

Perhaps the* most reliable and neatest way of 
reducing the time required between completion 
of the reaction and blowing over to a minimum m 
that* of utilising the hollow shaft carrying the 
agitator blades as the blow-over pipe, and, provided 
certain precautions are adopted, this is a method 
that works satisfactorily, say, with nine batches 
out of ten, even in those cases where much solid 
insoluble matter is carried in suspension. 

In order to explain this most accurately, let ua 
consider two cases : 

(а) The blowing over of a p - napl\thy lamine 
batch. 

(б) The blowing over of a fairly thjtak 
caustic fusion, containing salt and insoluble 
matter in suspension. 
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-*■ 

(a) “The poijite of interest here are that the 
temperature at the end of the reaction will he, say, 
within the region of 140° to 150° ( \ and the pressure 
about 7 atmospheres, if the mass is coolc^l down, 
when a temperature well above 100 0. is reached 
and before the pressure has gone, the B-naphthyl- 
ainine will separate out in. the form of lumps of 
solidified oil or small balls like marbles. Even if 
the ordinary blow-over pipe is fitted 'it. is impossible 
to do ‘anything until the batch is reheated up to 
a bo tit 120° C. to ensure complete? melting of the 
naphthylamine. ^ 

Sufjpose, however, we have a hollow shaft with 
holes cut in the bottom dto allow entrance of material 
and fitted with a good “ glaftd “ tap at the top 
above the gearing wheels, then if any suitable piping 
arrangements be made so that on stopping the 
agitator connection can be made by means of a 
union joint, it would be possible to blow over at 
the erid of the reaction through the hollow shaft 
and gland tap into the pipe lines to the desired 
vat. This could be done Either immediately, 
using the 7 atmospheres residual pressure as the 
blowing force, or, if this seemed too violent or 
150° C. too hot, then one could wait a few hours 
until the •temperature was, say, 1J)0 W 0 . and the 
pressure 4 atmospheres. 

There are one or two precautions it is wise to 
take with p-naphthylamine or any similar prepara- 
tion. If one starts blowing through cold pipes, 
the first lot may solidify in the gland tap, or even 
ia the pipe lines themselves on a winter’s day, 
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especially if there is some distance to travel from 
autoclave to vat. It is necessary, then; to haw, 
steam* supplied so that the whole pipe line can be 
steamed out immediately before opening the gland 
tap and letting loose the batch. Again, suppose 
the gland tap has leaked very slightly during the 
twelve, or * twenty -four, or even thirty-six hours 
required for simulations. The effect will be a 
gradual rising *ot the molten contents of the jpan 
until they preach the cool portions of the 'shaft, 
wherein they will soldify, tlws rendering it impos- 
sible to blow-over this way. There are two things 
which the “ old hand can do to guard against 
this besides the obvious one of overhauling the 
gland tap before eaPh batch. The tirst is to close 
this tap before the pan is charged, thus imprisoning 
air in the entire length of pipe from the gland tap 
to the bottom of the hollow shaft. Under pressure 
thjp elastic cushion of air will only allow the batch 
to rise slightly in the hollow shaft, and there is a 
chance that oven with a small leak on the tap the 
batch will not have - risen up at the end to the cool 
parts of the shaft. The second precaution is to 
have a good blow-lamp handy, and to play on the 
top part of the shaft and the tap itself with the 
flame just before blowing over, so as to melt any 
of the product that may be suspected of having 
been forced up through leakage, fhis sounds 
rather drastic treatment, but, if done sensibly so as 
to gradually warm up the offending part to a tem- 
perature above the melting point of the product, 
it is surprising how successful a trick of this 
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description car^ be. In the case of p -naphthyl - 
amine, if the temperature is about 145° (\ and 
pressure 100 lb. per square inch, and if the procedure 
just descril>ed be carried out and ice and water 
placed in the receiving vat, it is perfectly safe to 
connect up and blow over immediately the proper 
amidation time is completed. 

It is curious how prejudiced many chemists are 
against blowing over in this way with a residual 
pressure, but there is no risk if reasomjble care be 
tnlofn, and an immcriHC amount of time and worry 
is saved. v 

(b) In the case of the caustic- fusion there is not 
the problem of the solidifying oil to consider, but 
we are probably left to deal wfth a batch at a very 
much higher temperature on completion of the 
fusion. This will have to be blown to a vat and 
made acid, and in this connection it is interesting, 
to note that a considerable quantity of the qcid 
necessary for neutralisation can safely be placed 
with ice in the vat, provided the batch 1 m.* blown 
over slowly and steadily. \\ would hardly ho 
advisable to blow over a caustic fusion at, say* 
200° C., so with the hollow shaft arrangement 
the procedure on completion of the fusion time 
would be .to draw the fire, open this flue, and start 
blowing off steam through the blow-off pipe. The 
agitator must be kept going right up to the moment 
of connecting up the hollow shaft to the pipe lines, 
which operation is done as soon as the temperature 
has sunk to a more reasonable figure, say 140° 0. 
The pressure may not be quite enough to send the 
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batch over — everything de|>ends # *on the con- 
centration of the caustic and tyw height to whidh 
the batch is to be lifted — but it can be supple- 
mented. with compressed air if required. The 
precaution of stemming through the pipe lines should 
never Ik* omitted. In some cases where much solid 
is in sus|KMision it is found that the holes at the 
bottom of the hollow shaft become “ made up.” 
This Is a troublesome fault, but can largely* be 
obviated i(curc is taken to ensure that the space 
round these holes is well agitated. On referring 
•J>ack to Fig. 15 attent ion is called to the plates A % A V 
the special function of which is to keep the inlet 
holes of the hollow shaft clear. With these extra 
fittings and the careful following of the hints given 
when considering the blowing over of amidations 
there is no reason why hollow shaft blowing should 
not be much more common than is the case. 
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CHAPTER IX 


ROUTINE RUNNING OF LAROK-SOALK PLANT 

In the preceding chapter the actual working of a 
large-scale autoclave was elaborated in some ‘detail 
with a view to provide hints which might he help- 
ful to the inexperienced. Thus, a typical autoclave 
manufacturing process was taken and .considered 
step by step from the charging of the starting 
material to the blowing over of the batch. Itnvas 
not ‘considered desirable to go into the det ails of 
tlm subsequent working up of the Imtell, for t hese 
come under the heading of general chemical works 
processes rather than high pressure work. It is* 
proposed now to go into the question of the working 
of autoclaves from •a # *rather # broader viewpoint 
than heretofore. By this one means the manage- 
ment of high pleasure plant rather than the mere 
running of one isolated autoclave for one particular 
batch, and although this is naturally a subject on 
which.it is difficult to generalise, there are, never- 
theless, certain rules the elaboration of which may 
prove helpful. # 

Let ua first consider the ease taken in the* last 
chapter — namely, that of a chemist in charge of 
one autoclave who is required to turn out a maxi- 
mum output of a hydroxy-derivative obtained by 
the. fusion with caustic soda of a sulphonie acid. 
Such substances are very common in chemical 
industry, particularly the intermediates for dye- 
stuffs of the naphthalene scries. Output from 
plant is almost as important as the “ yield ” of a 
process. The former represents so much more 
151 
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money coming from capital invested, while the 
latter is, of course, the term used*fo indicate the 
production from a batch calculated as a percentage 
of that theoretically possible. It is not too much 
to say that more skill is required in a works chemist 
to squeeze the greatest possible output per week 
from his plant without injury to it than to obtain 
good yields from the process lie is working. 

In the ease of the chemist with one autoclave, 
much will depend on whether he has reasonable 
shift facilities for working the plant all through, the 
twenty-four hours of each (fay, but it is generally 
tlesirable to make the following arrangements. • 

There will be a large shift working during the 
hours that the cheipist is'tufiiself present at the 
factory and during which all the essential parts of 
the process should be done. The remainder of the 
timo, say sixteen hours, will be divided into two 
shifts, each of which has the services of just as 
maYiy men as are needed to keep the process going. 
With experienced men, a charge hand and two good 
labourers should be able to attend to three auto- 
claves during the day shift, while two men on each 
of the night shifts will be sufficient. The object 
which should l>e aimed at is one batch per twenty- 
four hours from the pan — Saturday morning coming 
in very useful for cleaning up, boiling out the 
autoclave, and a general winding up of the week's 
work. This will, of course, t>e possible only if the 
process requires a short timo “ on temperature,” 
for it is obvious that if the batch has to be main- 
tained at a certain temperature and pressure for, 
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say, twelve hotyrs, the whole of the other operations 
could not* be squeezed into the remaining twelve 
hours of the day. * Again, with oil-bath lifting, 
the ideal “ one batch per pan i>er day " is^hardly 
practicable, but with good management, good 
workmen and a short-time fusion it is possible if 
a direct- fired pan is used. 

Let us, therefore, consider a typical time-table. 
On thriving at the works at, say, 0 a. in., the chemist 
will find 'the previous day's batch in the pan, the. 
fire'dtawn, and the procure blowing oil’. *The morn- 
ing will be spent in getting ready the material for 
the ’day’s batch, breaking caustic, and weighing out 
quantities of the sulphoyie acid, which will probably 
be in the form of moist cakes nfr dried powder. 

All this material will be got on to the stage, and 
if it is the custom to melt the eaustie # in a separate 
pan, this can be charged and the melting started. 
The men concerned with the working up of the 
previous day’s batch will have all in readiness 
for the time when it is to be blown over. This 
will probably be about noon, the operation taking 
place preferably through the hollow shaft by means 
of 40 or 50 lb. per square inch residual pressure. 
As soon as the old batch is out of the pan, the 
water and. caustic for the new one are charged, 
or the melted caustic is blown in, as the case may 
be> and a fire started under the pan. Charging 
of the uulphoiiic acid is now begun, which operation 
may have to be done carefully to avoid “ scotching ” 
of the agitator, and this will certainly take the 
remainder of the day. The fire is so maintained 
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that the temperature is rising all the time, ending 
at 125' C. by from 4 to 7 p.m. *The manhole-lid 
is now fixed, and the heating up to the desired 
temperature started. This must not bo done too 
cpiiekly; but, without forcing the firing, tho batch 
should be on temperature between midnight and 
3 a.m. If the time of heating on temperature is 
up to four hours we may expect the fire to be 
drawn not later than b or 7 a.m., which firings us 
.round the*cyclc to another day’s routine/ • 

This means very hard w<yk all round and tdtows 
. no latitude for the inevitable breakdowns, but it 
serves to show wRat can bo got out of a pan if 
maximum production is essential. A much more 
comfortable arrangement would be to have two 
pans working on alternate days, in which case the 
programme \tould be as follows : — 

Starting with two empty pans. 

Monday . — Charge caustic in No. 1 plan and 
get this melted as quickly as possible. Charge 
material in tlfe afternoon and have tho pan 
sealed by 5 p.m. Heat up and get “ on 
temperature ” by Monday night. Also charge 
caustic in No. 2 pan on Monday night and have 
this slowly melted during the night, 

Tuesday . — Blow over batch from No. 1 pan 
when ready, and re-charge this pan with 
caustic for slow melting on Tuesday night. 
Make batch in No. 2 pan during the day* as 
the caustio would be ready melted the first 
thing in the morning. 
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•Wednesday . — Blow over the batch from 
No. 2 pan* and recharge with caustic for 
melting on Wednesday night. Make batch in 
No. 1 pan. 

Thursday . — The same as Tuesday. 

Friday . — The same as Wednesday. 

This plan, of course, only, means one ’batch per 
alternate day per pan, but it has the advantage 
of gwing'iuuch more time for the processes, while 
it is quite possible to keep to this progr^mne even* 
if the time of heating «i temperature is as long as 
twelve hours. Since we started with empty pans , { 
Monday was rather a rushed day, but even if No. 1 
pan was not sealed tty til, late at night it would not 
matter, as that pan was not Required for ’actual 
manufacture again till Wednesday. 

This should serve to show how autoclaves could 
be worked, but, of course, each chemist must be 
prepared to plan his programme to suit his own 
special’needs. Maybe in some eases a modification 
of the above schemes could be employed, in which 
three batches were made in two pans in two days, 
but this would not be so good, as the times for 
definite operations would change from day to day. 
The best programmes, and those which suit the 
workmen most, are those in which each man can 
have his own definite job to carry out each day at 
roughly the same time. 

When dealing with the routine running of larger 
numbers of autoclaves, say six or ten, so much 
again depends on the processes that it is difficult to 
lay down any general principles likely to be of 
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help. At the same time there are eertaih rules 
which have received the sanction of experience and 
whict.it will be, therefore, acfvisable for a chemist 
to follow in most cases. In the first place, it is 
often a good plan to group the pans in pairs and 
so arrange the work that batches are made in 
Nos. 1, 8/5, pans on pne day and in Nos. 2, 4, and 
6 on the day following. Again, although the pipe 
fitting of the shed will be such as to fall in with this 
system oi groups, it should, even at the * risk of 
becoming intricate , be suefa that the chemist in 
charge .can blow, not only from any autoclave to 
any vat, but also # f rotn one autoclave to another. 
The works chemist should, always remember that 
breakdowns seldom? occur at convenient times, but, 
generally speaking, machinery most often gives 
under full ld&d. It is only natural that it should 
be so, and the really good works chemist is the 
one who lias provided, not only for smooth running, 
but also for every conceivable d isastcr. The author 
remembers a case in which a bad leak developed 
in the riveting of ‘the dish of a largo autoclave 
to the body just as the batch was coming up to 
temperature and pressure. The mixture was being 
forced out of the pan and dropping into the furnace. 
It was a large and valuable batch, but in less than 
ten minutes a few' union joints had been made, a 
few taps opened and shut, and the batch was blown 
by means of its own pressure through the hollow 
agitator shaft into an adjacent autoclave, the total 
loss being less than 2%. This was an instance of 
foresight and good management. 



Routine Running of Large-scale Plant 157 

This • brings us to another point — whenever 
working with a*krge number of pans it is always 
wise to “ caiyy a spare.” This does not mean that 
one pan must remain idle for most of the time bn the 
off chance of an accident occurring, but Simply 
that the whole plant is not being worked to the 
absolute limit of its productive capacity. . All sorts 
of set-backs are liable to occur, and even the l>est 
of time-tables cannot be rigidly followed. If there 
is some latitude allowed there will Ik* a balance 
about the w hole installation which will hr reflected 
jn the regularity of the monthly production returns. 
Perhaps a batch may be startl'd* in No. 2 pan, but 
owing to a blockage in the pipes it cannot Iks 
cleared ready for the Nortec t tipie. If there is no 
spare autoclave, then either a hatch must he 
“ dropped,” i.e., not made on that day, or it will 
be started late, which will mean disorganisation 
and hurry, bringing as its inevitable result a 
mysterious drop in yield. There is no doubt that 
the regulari ty of production and yield from an 
installation* w'hich “ carries a spare ” more than 
compensates for the capital which on the face of 
it is standing idle for some part of the week. 
While dealing with the question of spare parts of 
an autoclave plant, it should be noted that the 
remarks made are particularly applicable to the 
wooden vats into which the charge from the pan 
is so often blown. The life of these vats is never 
very long where corrosive liquids are employed, 
and as they are comparatively inexpensive a 
reasonable excess over actual requirements should 
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be provided if regularity of production is desired. 
Here again the chemist should reitiember that a yat 
will often develop a bad leak when empty, which 
will become apparent just as his batch has blown 
over, and, therefore, arrangements should be made 
for passing the contents from one vat to another. 
This can -be done either by some form of ejector 
worked by steam or by having an arrangement 
whereby any. vat/ can be emptied into a storage 
boiler aijd the batch blown up again* into any 
other vaft 

The output of a large number of autoclaves 
depends on a gilwt number of factors, not the 
least of which is the general design of tlfe shed. 
Much. time can be c saved iSf tnc staging built round 
the autoclaves is of liberal size to accommodate 
the materials for the hatches, and is adequately 
served with hoists to enable both men and material 
to reach the pans by the most direct routes. Again, 
there should be plenty of space round the pans, 
so that all valves — safety, blow-off and blow-over — 
are easy of access* A man crouching in a comer 
at the back of an autoclave on a narrow stage 
against a wall would be caught in a veritable 
death-trap if the ring of the manhole-lid blew out 
under pressure. 

In conclusion, mention must be made of the 
routine testing of autoclaves in order to ensure the 
safety of the men employed in working them. 
This is a very important part of a works chemist’s 
duties, for neglect of his pans not only causes, 
rapid deterioration, but thereby incurs the possl* 
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bility pf explosion, which might entail the destruc- 
tion of an entire* shod and loss of life. 

As has been stated previously, a wise chemist 
will always take any opportunity that, ailSes of 
boiling out his pans with Mater or weak soda ash 
solution in order to prevent the formation of 
crusts of burnt matter on the sides and bottom. 

Some regular plan should be adopted for the 
cleaning out and examination of autoclaves, ami a 
reeohl oLthe result of these examinations entered 
in the? log book. This examination of im informal 
nature can be undertaken by the men working the 
plant; in fact, a charge hand *vho is keeii on his* 
job and fond of his pans Mill welcome it. The 
moment anything oulrcJt’thc ordinary- an indenta- 
tion or signs of splitting in the riveting of the dish 
to the body of the pan - is observed, then the 
plant should be handed over to the engineers for 
sk il led investigation . 

Whenever any man Is about to enter a pan 
through the manhole there are certain rules M’hicli 
should be carefully followed 

(1) The pan must have been failed out until 
absolutely free from dangerous chemicals. 

(2) The pan must he reasonably cool. 

(3) .Tlie compressed air must have been 
blown through the pan for some time, and it 
must be* proved that the air inside will support 
combustion, t.e., of a candle flame. 

(4) The belt operating the stirring gear must 
have been cut off. 
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This last is of extreme importance. It, is not 
enough to slip the bolt on to th& loose pulley, or 
to stop the motor driving the* shafting. Someone 
may\$onvJ along ignorant of there being a man 
inside the pan and thoughtlessly start- the agitator. 
It is far better to insist on. the lacing of the belt 
being cut before a man is allowed inside an agitator 
pan. Another good plan is to insist on men engaged 
on working inside autoclaves, whether for examina- 
tion or actual repairing, always being .in pairs. 
After all, tio matter how one tries to make it pafe 
and easy, working in an aittoelave is bound to be 

cramped, hot, and trying job. Even a strong 
man may suddenly become faint, so that as a 
reasonable precaution he* should have a mate 
standing by in ease of not'd. 

Every fewtmonths, whether there appears to be 
anything wrong with the pan or not, it should be 
tested and examined by the maintenance engineers. 
The testing for pressure will consist of subjecting 
the pan just as it stands, with all valves, gauge, 
and agitator, to hydraulic pressure. This is done 
by pumping water into the pan through any suit- 
able opening— say a valve provided for the purpose 
on the pij>c to the blow-olT or pressure gauge — 
until a definite desired pressure is indicated on the 
gauge. Often the pump used will hatfe its own 
gauge, so that this constitutes a test for the 
pressure gauge as well as for the autoclave itself. 
This operation is perfectly safe, for if the manhole- 
lid ring or any other part gives before the desired 
pressure is reached it only means at worst a shower- 
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bath "for the ^operator and some amusement for 
the onlookers. * 

As regards the pressure to which pans shppld be 
subjected in t li is test, there is some difference of 
opinion. The author firmly believes that an 
autoclave should be hydraulically tested up to the 
full figure given by its makers, hut onh/ worked to 
half that prepare, d ims if a pan is supposed to 
stayd *100 lb. to the square inell it should always be 
tested up to that limit by this hydraulic- method, 
but'tio process evolving a gas pressure a Rove 150 Ih. 
to the square inch should he worked in it.. After, 
all, hydraulic testing cold is nof nearly so searching 
as the pressure from £tcam or ammonia or ethyl 
chloride vapour at a high temperature, and the 
system of working at half the tested pressure allows 
a reasonable margin of safety. 

In addition to t lit* testing of autoclaves instituted 
by the works chemist, most pans are periodically 
examined by boiler inspectors or, if insured, by the 
officials of the company with whom the policy has 
been takeli out. 
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the..*- m.iv !»'■ ..... Kiiii.ukii.lv .umi| l»-ie . . . of importance 

to ;<;l J. w-.if anti o * .* s* r:<Jivi(|i*.J >'.h.m i imkis and induAiial users." — Pulp 
un i Paper Max ku.i . 

“ All n\- 1 Kent In lit book ” -/i*. / p.i .1: f >:ir.uil. 


SULPHURIC 

ACID CONCENTRATION 

By P. PARRISH, A.l.C*., M.I.Chem.E. 
and F. C. SNFM.ING 

Vol. I. By Hot Gasiis 
Vol. II. In Vi-.oels 


“ The complete work should be read by* all inbnstcd 10 the subject . . . 
works and plant managers chemists, and engine, m will all find vjiuethiug 
of value. The physiol data are given in h.imlv 1 im. together with the 
methods of their application, and practical dfi ids obiiing tf. construction 
and operation arc* ample . . . the volumes, are w*l. -in - and appeal both 
to those who know arid to those who want v> learn.'* ■/ herniary and 
Industry. 

11 A thoroughly practical survey of modem practice in concentrating 
sulphuric add ." — Chemical and MeUllurgual LuRimerutfi. 



THE SCREENING AND 
GRADING OF MATERIALS 

•By J, E. LISTER, A.M.l nst.C.E. 


• “ I be work covers screens, picking belts, washers, concentrators, dryers, 
air separators, and eh < Dual magnetic separators . . . r lie explanations 
arc in a vary si:u[de and a sunil.iMe fmrn .” — Cullury Guardian. 

“A v«*iy civ.tr mi'l informing litflc bot>k .ve can heartily commend 

it." — Master Builder. 

This little book contain.? a very lucid and roniph-ic account of«thi 
leading tvpr*s of appli.mr. s in common use for this purpose.”- * T 'vnd of 
ht Suiitiy < f /'veif and Cnlourhts. 

• • • 

"bocris t lif* ground v> completely tfiat nothing of importance is 
nnittc l . . . should prove cxtrrimly useful to all interested in the screen* 
iti'i *'.( ‘duo: ■ j! inat -ri ils." Vs/uiJr’ trade's fnuttml. * 


ACID-RESISTING METALS 

By SIDNEY J. TUNGAY, M.I.Ciiem.E. 

Covers hi>,h silk on irons ; lead and rgulu* rut tai ; aluminium, stain- 
•ss steel,, ii.oiicl mrt.d, t n^t i*«m an*.l steel; nii.kel aud chroihiutn alloys; 
opper and c.t pp. r alloys. 


" Deals with u subject of great practical importance from an eminently 
‘raetical point of view. . . . The author is clearly familiar with those 
inters. i'.s from his own experience and spi .ks> with confidence and full 
,no\vWt\^'.' f ~.i:.!gitiecr. 

♦ 

" It is excellent . . . will undoubtedly be welcomed by tfie chemical 
ngiuoer and the works manager, while the. absence of technicalities and the 
implicity of treatment should extend its appeal.” — Manchester Guardian 
'ommerciat. 

** This usefu* volume contains much valuable information of interest 
o the chemical engineer and the fonndryman. . . . The author’s obvious 
ust-hind acquaintance with the preparation aud treatment of bighsilioon 
ast irons makes the small volume of considerable value .” — Bulletin of the 
intisk Cast iron Research Association. 



THE ORGANISATION OF 
.PRODUCTION 

By J. W. CUkTIS. M.IU.., \.M. I .Me Ji.R 

> 

, " A itiimhrr * f Linn.!. <":<Mim.il ni.iuuf u t;i.< is for sonu* iinloimMi 

soeiu to regard su'li svsierns as acadt’ii.ic. S > 1. •• t # - a- :» p.nf.tl rth.iVncy 
•*f piodiiction fnati :i\ichirw in;in j ft" a- an: «.it i*- :>* 1<> than, 

and t tv work- ci;$;:.Mf*rs an.! . !n*mi t-. * r .» 11 v we r.jn irrMinmrud the 

rarcfp.l reading of the '■mall v -Iuim* m*’.'! ***\ i*. . I* [ r* i.:s a practical 
system . . . the prim air rl.-ar ami tl,< i » v. lMrf , visualise 

t iit-ir application to his own problems ’* | , M. )\ . i n n in ( lum^by and 

Ir4u\tr\‘. • 



* *4 

CRUSHING AND. GRINDING 

MACHINERY 

• • 


Bv HAKT1.ANI) SIA.MOrR 

< uvi; cm vmm. » m,im j?: 

“ Thi’ bwk fF-il* in. a j i .»■- Fr.d mam *i v.i: 1 ?! '■ ‘■■ihjcet r.f <■:/*• u«J»i. tior! 
from t\n !arK ,,; ' j res d.w-i {>> about i< • .-i« . . \ i ami 

systematic ruvj'-w . . , r* m|> r < *ivr, <.1 .1 \ . « ! i :»■. am! 

eoiitaihs a to. i • ■ • i.i :•■■■■■ : . r *i 1 ■ • . mm !!v rci..m- 

mcnflfd.’*— I*. \. Wrtu. in • K<-: !r. /<:.• :r/. 

“ liie n**t !•• •: f ;;»f a uscftii t *• ■’ -d r • ■ v.jij... ut maiar:: 

his l/'-.'vk a mere ■ otaD-Tu- . . . t .m't a *j- -• , n*'t i..|fri.mj j,is P*rf wit! 
theoretical cal' nl-itioj.v." ■ • « = ry <• * n.ii /*i. 


DISTILLATION PRINCIPLES 

By.c. ei.uo’it. j; s. a.m.imu.c.i:. 

“ DifOiai'i the condlt: - ,r covcrr-i:. - tin- < t <- : ,1 -- . .cat j.-,:, r.i [ nrr 
liquid-' by di-tdi m.on -i;.-' t;,. j |..v «■ f n •• • • : : ! • y . . . A 

coir.p.'.et little text Look on the <-l an imp*.: tai.t ir.d.; vtri.il pro 

c°--. . . . full*’ iiri^iat'-'d bv gr.'i r h- *!}../.' jc.v •»od f t\} a-, r.ott 
I let aid. 



THE DUST HAZARD IN 
INDUSTRY 

i 

Bv W. E. GIBBS, 'D.Sc. 


“An authoritative work . . . something more than a *nere vade mecunu* 

Ih* has treated th** sul»jr< t :m lent im ally \ ically excellent little 

rcatisc on a big subject.” — 1 l let aid. 

“ A timely little lwx»k. The authur has done sy ,p in.it!- ally what every 
velfare woiI *t is doing in a casual way. lie n e i*;i » h*-r* - 1 together tin* 
•stance yf the most important information, milv ,i\ .lilible elsewhere in 
Dimerous scattered sources, ab< *ut the danger of duaty occupations to ttic 
trorker’s health Ma>\ he der < 'Uardiot. , 

In view of tinJbiradth <>f treatment and gemitai exrellenre this boo^ 
ihoukl be read by evciy engineer having ecu tact with dust hazards, past 
ir potential .” — Chemical and M c tali ur giral hn^inecri'^. 

t 


MECHANICAL MIXING 
MACHINERY 

By LEONARD CARPENTER, B.Sc., A.T.C. 


" A small primer which deals briefly with various tvp-sof mixing machinery 
ised in the chemical, cement, building, ceramic, fertiliser, lime,' rubber ami 

ioap Industries V. valuable feature of the book is the description of 

several machines which are not widely known to those, concerned in mixing 
materials on a large scale .” — Chemist tv at d Industry. 

" It is quite refreshing . . . treating his subject in a scholarly manner, 
with definition* at once simple and lucid . . . ,ives valuable advice.” — 
fnr/rti/rni/ and Engineering Chemistry . 


MODERN MUFFLE FURNACES 

By C. M. WALTER, D.Sc. 

OK THE BIRMINGHAM CORPORATION GAS DEPARTMENT 




AGITATING, STIRRING AND 
KNEADING MACHINERY 


By HARTI.AND SEYMOUR 

<- * * N M.' I.TJ SO CUKMIi A I. I.M. 1 MI li 

book tl'^i-ribr-. jaddl*' ami fj.it*- -!»• i*'i < ; j>. ■ ■! - ;!• r. Jvli. a! screw,, 
spiral t il.l» >ll .m l •■irbino :t r *»! ; \ «-i I :1 ..wd h -u/ n:t .<! I. waders , 

( in»i! - ifyiinj iluJK {>« 1 -iiK- juilE f<»i paints, * t>\, < n . 

"An ,i- 1 :.> Of i to .1 • ubt-i t Ni.it has not j.-i rivrd, until 

l < * ••tit \i*- ,r '» • • 1 ' j ■ i ! >1 l* iitiiii' ci't'i.li i.dior. . . Hie . ,• {.• be n»n 

fjr.n 'll tied on 1 hr rlr.ir and w <-U 1 Ivaw 1 1 il'i-.i- fci .til iiis hr |s.\ii.N anB also 
011 tlft s* in pie nii«i i-< i Nj'i.iii.tnuas hr f'N'-.-fi ii\ui. 

“ 1 h« 1 hi'M’K . !■ ■ i ; 1 1 ci :*. .in it it] tin in "A v • j 1 ' 1 ' • m 1 . in 

1:1-; ^WWtii It! ir p!--il.m #!i Hud hdr Jl.i*li. * SI v ail l!.. Ten 1 ; 1 . j -<-.f taut 
1 %[•«-' ably, if bn*-:b- , or vi tbr*l.‘* hiJu In.ii inti l «. < /..■ >».*i ny. 


AUTOCLAVES /\Nl) HIGH 
PRESSURE WORK 

l 

By IIA ROM) GOODWIN, M.Sc. 

I hi . bii-ik is ti'i.>'i!u!lv pi.n h*.i! and << rt..!iis .1 1 1 <.-f < !* ^ upturn of the 
lUipoi taht ty;-i.a and 1 1**1 all * 1 la ir nr and \v .■ i..y J* divided 

into t firrt; uadion- : lab. iratoi \ .rih--l.iv* *■ ; * i-iii: 1 u ije . , t ] t . plaal ; v\< >t ks 
auforl.ivf'. I a* h -*rt:..r. dr.iK vv.th a 1..1111; <1 • ;/ dt/n-imU i\-| with 
in , imv diagram** in i 1 1* first • * - }a < »ji in. in-.'* - .1 . Jj.i, 'n nn the 

most common them Lai a.-fi ms c.ii'i-d unt m , ir<> lj-. f ,, t • T iir-r with a 
fuM description of the ra.ryjnq out ol a mtid.i.v 1 xpefimont 

from start to finish. 

In the thud and I finest vrli-m th*rr air full ..■• < mr:* - ,,f ti,.- , |,irf types 

t’Tiij’lov c*l, with ili-'fi u»ti"i,s of tie- * ■>;, -V ()■ u • f li,. j. m.d .» di.-rnssiun 

of .iltrrnativr iwlt, ■*!■> >.>l heating. ili«r>. ,.ic chapter , on the runmjifc 
aud trstim* of Sub- otvts. 


THE DESIGN AND ARRANGE- 
MENT OF CHEMICAL PLANT 

By GEOFFREY VVEYMAN, D.Sc. 



DISTILLATION IN 
PRACTICE . 




By c prjjorr, 

f H.Sc., A M.Insy.C.E., A.M.I.Mkcii.E. 

Ilriri SynvP'i', of Coutrnt'i 1 ’Rtillntion in Praetin — Fractionation*-. 
•i'lar.tinnati'Mi / 1 >i ^continuous) — 1 t»< t lunation (Continuous)— Fractional 
C<»nd- n«ati M.-II. at Tiansfer— Distillation Apparatus— Ethyl Alcohol— 
Petroleum Coal J ar. 


T^IE THEORY AND * 
PRACTICE OF COMBUSTION 

« C ; 

Hr J. K. LISTER, A.M.Imt.C.E., A.M.T.Mcdi.E. 
and C. 1IARMAM IIARftls? C.E., M.I.Mar.E. 

lirii t .*/ < — Comlm tio»i : Constituent-: of Fuels- 

CIhm..j»\iI IV X. C(>uil)>..u»'n — -SnioKo Prevention - Temper aMre of 
Coml'M ;{ ion. I'-'-F.: Wood. ‘V.v.v. Tue;.:n«s. prat: Co,*l, bittuninon ■> coals, 
non t.iivin.. >< .il. »as cn.iF, •'.,-,,.,1 ur.iliraritr coals, anthracite.: Char- 

coal. coke, bi I'l’n t tes. Lionel I'ik-E: nil, petrol, htu.tol, alcohol, Caseous 
Buds ; cn.il L-.i , coke oven w is, piorlm « i -as, water gas, suction gas, oil 
ludirat i * i • ■ end Krvoidhig Instruments --Practical Considerations— 
Furnaces and M.-kers. 


SULPHURIC ACID 
REACTION CHAMBERS 

By P. PARRISH, A.I.C., M.I.Chem.-E. 

Intro. In. tor v : a vurvev of the sulphuric acid process-*- Reaction cham- 
bers— -Matr.n:.l-i of i v -Unu tion— TfMs - hnilurc and corrosion of lead — 
Cast iron Med- -JVvrl pmetH i>t acid 1 cacti on chambers — External water 
cookin' -Ink nd coolim; -Application of the t.aillard process — Fraction 
towers- Factors governing the- desijrn of reaction chambers— Fundamental 
data •. •vc’ir.j, sire and design Construction and erection — Working of 
sulphuric arid reaction chambers— Draught of reaction chambers and 
supply of .itemised water— -Demolition of reaction chambers — Possible 
futuie developments. 



CENTRIFUGAL DRYERS AND 
SEPARATORS 


By E. A. AJLI.IOTT, A.M.I.C.K. 


Sywpxis 

; --General 

■ •nsiiioralioa *>i rent i ;lti, 

::«< l .'iir j“-». IfV^Lnu inj. 

»:rptrif;r: .! 

s 'Critir.il ■: ( 


ir.J whiil •* l -- 

. ” n -g ! iiu;;.ilv - 

Ani'u’.u nv 

ill:'” . 1 ' l!ll 

! v i >>•-.){ ' 1 ' 

‘ U'l JU ’ l’l« ■ * 

-ii-.jii ; it;. t.:i;t 1 1 1 L i u t y • 

e., 

it:**;s id r « 

ri ‘ ‘ -g 

I, w aiui v. :* 

:j 1 - C.iM •* dI p i_cc . uiis 


ijv <*. Li: li:ii| 

Diw 1 ffn i ! 

;:m:i tti'ii; It*' 

; it IC..11 <ii 1 1 • i \ :•«•., t.il 

*;j! -tMirr, 

d .lit 

iv*T i’.i* n 

.•f * ■ I Id <:i 1 

i u* - W j » t . * L. 1 1: m - 

Lo:,,i- ,. m l 


« i- i' 


' ’ ! * •■ Mi . i > t :it i i ( up*l. 

l- 


•• I*. :itnV 

* • •-.T ■ . 

■ : .t ■■* of 


■ .i >;■ ;■ 

P: r i 'A 

* • 

t ! it .I . . litli 

fn:v-, Si.i 

• 1 . 

!. <U\ 

■ MclinnJ «r <i 

i • . ' * . 1 ■ i : . mI-. 1 L:> 

o 1 

IM> * i * ! :'• 





MODERN DRY1NC MACHINERY 
By U. V-CRONMIAW 

B.A.. 1‘n.lX, VK.S.M., A.l.C. 


T H E r l ' R A N S P O R 1 ' A N D 

handling of mineral 

ACIDS* 

By FREDERICK HI1CCII 


• LABORATORIES AND 
LABOR A I OR Y FU R NISI 1 1 NG 

By CECIL HOLLINS, M.Sc. 

A.U1HOR OF ** ORGANIC SYMH1MS OJ PING f.OMI'OUHDS " 



SOME OTHER VOL U MEL 

Full fariiadars may be had on gfplirtiiwi 

MECHANICAL DRAUGHT 

l)r J. E. LISTER and C. H. HARRIS * 

CHEMISTRY IN POWER PLANT 

By w. m. Milks 

of T»ir *>11 r 1 1 ii'i.n corporation 1 1 i t rwiri vv dkpt. * 

POW$R GENERATION AND 
\ TRANSMISSION ON WORKS 

By }IAK'n,\Nl)^Si:VMOUR 

CoN-l’IHW. CHEMICAL, FNGINI I N 

THE PRINCIPLES AND DESIGN 
OF TOWER FILLINGS 

By “A CHKMICAL ENGINEER” 

CHEMICAL WORKS COSTING 

Br F. M. POTTER, M.A., FTCi . 

COLLOID MILLS 

By S. P. SCHOTZ, D.Sc., F.I.C 

AUTHOR OF "SYNTHETIC ORGANIC COMPOUNDS " 
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